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First visit to EAS-TOP with Gianni
to discuss open Cherenkov-measurements and
merger of EAS-TOP & KASCADE 
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Abstract

We present a proposal of an Extensive Air Shower array with the aims of studying

the cosmic ray primary composition and the hadronic interactions in the energy

range E0 = 1016 −5 ·1017 eV. The array with the required characteristics is realized

by reassembling the EAS-TOP detectors at Forschungszentrum Karlsruhe next to

the KASCADE site. This allows a calibration of the extended array and experi-

mental techniques at 5 · 1015 <∼ E0
<∼ 1016 eV. Furthermore, the integration makes

optimal use of existing investments by exploiting already existing instrumentation.

The measurements will establish an important bridge towards the highest energy

experiments, also from the point of view of the time schedule, i.e. by finishing its

operation in five years from the beginning of the installation procedures.

1 Introduction

The investigation of ultra-high energy cosmic rays (CRs) is currently a most active field
of astroparticle research. Over a wide range of energies their origin, acceleration, and
propagation is still unknown and subject to debates. From about 10 TeV up to the
“knee”, Ek # 4 · 1015 eV, CRs are generally believed to be predominantly accelerated
by first order Fermi acceleration in supernovae shocks propagating into the interstellar
medium or into their former stellar wind. While this claim is largely for reasons of the
required power and is not undisputed, there has been certainly no agreement yet on the
origin of CRs at higher energies. Experimentally, the information required to answer these
questions is largely represented by the CR energy spectrum and chemical composition as
a function of energy.

Due to the decreasing flux, CRs in this energy range are studied through the detection
of Extensive Air Showers (EAS) at ground level, i.e. by measuring secondary electrons,
muons, and hadrons produced by the primary CR in the atmosphere. Because of the
magnifying effect of the atmosphere, very large collecting areas can be achieved easily
by exploiting “sampling” techniques. However, reconstructing the properties of primary
CRs from particle distributions at ground requires detailed understanding and modeling
of the EAS development. This poses a serious challenge to high energy particle physics,
because hadronic interactions at the top of the atmosphere occur at energies which are
beyond of what is reached at present collider facilities. Moreover, accelerator data are
very limited, because pp̄ interactions at sufficiently high energy have not been studied in
the very forward region relevant to CR physics, while nucleus-nucleus interactions have
been measured only up to center of mass energies of

√
s = 20 A·GeV.

As a consequence, uncertainties caused by inevitable extrapolations in hadronic inter-
action models constitute a significant source of difficulties in the interpretation of EAS
measurements affecting assignments of both primary CR energy and mass. On the other
hand, high quality multiparameter EAS data by EAS-TOP and particularly by KAS-
CADE have already provided unique opportunities to test such models, thereby improving
our knowledge of hadronic interactions at the highest energies [1, 2]. However, none of
the presently operating EAS experiments can provide such data at energies significantly
above the knee. This is either because of limited exposure rate or lacking experimen-

2
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 Copies to:  
 Prof. E. Iarocci, President of INFN 
 Prof. G. Matthiae, Spokesperson AUGER Italy  
 Prof. G. Navarra, Spokesperson EAS-TOP 
 Prof. K.-H. Kampert, Spokesperson KASCADE 
 

Dear Professor Bemporad, 

please allow me to address some aspects of the cooperation between Istituto Nazio-

nale di Fisica Nucleare and Forschungszentrum Karlsruhe and Universität Karlsruhe 

(TH). The imagination and skillful work of Prof. Navarra of Torino, Prof. Kampert of 

Karlsruhe and a few others gave birth to the idea of integrating the EAS-TOP and 

KASCADE equipment for a new measurement, EXTASE. A proposal has been sub-

mitted to the INFN detailing the project. Today I would  like to provide some additional 

information about the the somewhat special context of this project in Karlsruhe. 

I have enjoyed a very fruitful collaboration with Italian physicists in my previous expe-

riments, NA31 and NA48 at CERN over more than ten years altogether. Naturally I 

am pleased that I may continue to profit from the creativity and enthusiasm of INFN 

physicists after moving into particle astrophysics. It is fair to say that the Italian and 

German participants in the Pierre Auger Project played a key role in finally launching 

it.  

The Pierre Auger Project was approved in Forschungszentrum Karlsruhe in July 1999 

with the International Agreement already signed in March. Funding is provided in the 

framework of our cosmic ray research programme. This includes KASCADE since 

Supporting Letters from Germany to INFN
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Early 2000: Construction started
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8

Von: Karl-Heinz Kampert <kampert@ik1.fzk.de>
Betreff: Seeking a name for the baby...
Datum: 11. Juli 2000 16:42:21 MESZ

Dear Collaborators,

with this first mail to a hopefully growing mailing list
I would like to inform everybody that all the EAS-TOP
detectors including their electronics meanwhile have
arrived at FZK and are stored in three different halls.
We also have received the first hut which is presently
being mounted to see whether it fits our needs.
Two EAS-TOP scintillators have been assembled and cable
tests will be done these days to measure the attenuation
in 1 km (worst case) long cables of different kind.
Also more elaborate EAS simulations have been performed
to get an idea of performance, cross triggering, etc.
It turned out that it would be very useful to have one
additional cluster of detectors primarily aimed at
delivering a fast trigger to KASCADE & EAS-TOP.
More on this in a separate mail later on.

In all the discussions we always stumble by the fact
that there is
           !! NO NAME OF THE EXPERIMENT, YET !!

Certainly, EXTASE cannot be used anymore because of its
history at INFN. There have been some proposals, including

           KASCADE-GRANDE
           KASCAGRANDE
           GRAN-KASCADE
           KASCADE-II

etc. I have learned that some names may have a bad meaning
in Italian language, so please, give your opinion.
Certainly, there are more important things in order to get
going, but the sooner we decide on this, the better.

So, PLEASE GIVE YOUR VOTE TO THE PROPOSALS FROM ABOVE OR
SUGGEST OTHER ALTERNATIVES

We will have Champaign for the person who has made the
proposal which we accept.

Best regards, and awaiting your votes,

Karl-Heinz

Today, 10 years ago:
Sept. 20, 2000: Gianni‘s vote

Von: Gianni Navarra <navarra@to01xd.to.infn.it>
Betreff: Re: Name of Experiment
Datum: 20. September 2000 14:32:34 MESZ

An: Karl-Heinz Kampert <kampert@ik1.fzk.de>

KASCADE GRANDE

Gianni

On Tue, 19 Sep 2000, Karl-Heinz Kampert wrote:

Dear Colleagues,

at the last meeting we have discussed each of the different
proposals. Three of them were preferred by most of
the people:

         KASCADE II
         KASCADE GRANDE
         KASCADE TOP

In order to arrive at a final decision, everybody is asked
for a single vote. Please send it to me as soon as possible,
possibly even by tomorrow morning (9:00). After about two
weeks from now I will distribute the result.

Best regards, Karl-Heinz Kampert

_______________________
PS: Not everybody has an e-mail account and possibly I have
   forgotten some names. Please feel to forward this call for
   votes to interested people. 
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Measurements of EAS in the energy range  E0 = 100 TeV -  1 EeV

KASCADE-Grande
= KArlsruhe Shower Core and Array DEtector + Grande

and LOPES
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angles up to 401 and cores scattered over the Grande array
were considered in the simulations. The full detector response
was also simulated (GEANT [21] detector simulation) and the

usual reconstruction techniques were applied to the resulting
data. The median of the deviation of the reconstructed to the
true muon number is shown in Fig. 28, both, as a function of the
true muon number and as a function of the distance of the shower
core to the center of the KASCADE array. In the latter case,
only events with muon numbers larger than log10N

true
m Z5:0,

i.e. above the threshold for full efficiency were taken into account.
For muon numbers log10N

true
m 45:6, which corresponds to an

energy of approximately 45! 1016 eV, the deviation of the
reconstructed total muon number is smaller than 5% and almost
constant as a function of total muon number. Moreover, the
statistical error8 on an event-by-event basis decreases to about
10% in this case. The right panel of Fig. 28 shows that the
uncertainty of the reconstructed muon number increases with
increasing distance from the KASCADE center from approximately
20% at 100m to 60% at 600m. The under- or overestimation of
the local muon densities by the lateral distribution function
(cf. Section 4.4 and Fig. 20) in case of small and large core
distances results in an under- or overestimation of the total muon
number to about "#10% for small and " þ10% for larger core
distances.

Taking into account the fact that quite small particle densities
are measured across a small detection area far away from the
shower core, one can draw the conclusion, that the reconstruction
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angles up to 401 and cores scattered over the Grande array
were considered in the simulations. The full detector response
was also simulated (GEANT [21] detector simulation) and the

usual reconstruction techniques were applied to the resulting
data. The median of the deviation of the reconstructed to the
true muon number is shown in Fig. 28, both, as a function of the
true muon number and as a function of the distance of the shower
core to the center of the KASCADE array. In the latter case,
only events with muon numbers larger than log10N

true
m Z5:0,

i.e. above the threshold for full efficiency were taken into account.
For muon numbers log10N

true
m 45:6, which corresponds to an

energy of approximately 45! 1016 eV, the deviation of the
reconstructed total muon number is smaller than 5% and almost
constant as a function of total muon number. Moreover, the
statistical error8 on an event-by-event basis decreases to about
10% in this case. The right panel of Fig. 28 shows that the
uncertainty of the reconstructed muon number increases with
increasing distance from the KASCADE center from approximately
20% at 100m to 60% at 600m. The under- or overestimation of
the local muon densities by the lateral distribution function
(cf. Section 4.4 and Fig. 20) in case of small and large core
distances results in an under- or overestimation of the total muon
number to about "#10% for small and " þ10% for larger core
distances.

Taking into account the fact that quite small particle densities
are measured across a small detection area far away from the
shower core, one can draw the conclusion, that the reconstruction
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angles up to 401 and cores scattered over the Grande array
were considered in the simulations. The full detector response
was also simulated (GEANT [21] detector simulation) and the

usual reconstruction techniques were applied to the resulting
data. The median of the deviation of the reconstructed to the
true muon number is shown in Fig. 28, both, as a function of the
true muon number and as a function of the distance of the shower
core to the center of the KASCADE array. In the latter case,
only events with muon numbers larger than log10N

true
m Z5:0,

i.e. above the threshold for full efficiency were taken into account.
For muon numbers log10N

true
m 45:6, which corresponds to an

energy of approximately 45! 1016 eV, the deviation of the
reconstructed total muon number is smaller than 5% and almost
constant as a function of total muon number. Moreover, the
statistical error8 on an event-by-event basis decreases to about
10% in this case. The right panel of Fig. 28 shows that the
uncertainty of the reconstructed muon number increases with
increasing distance from the KASCADE center from approximately
20% at 100m to 60% at 600m. The under- or overestimation of
the local muon densities by the lateral distribution function
(cf. Section 4.4 and Fig. 20) in case of small and large core
distances results in an under- or overestimation of the total muon
number to about "#10% for small and " þ10% for larger core
distances.

Taking into account the fact that quite small particle densities
are measured across a small detection area far away from the
shower core, one can draw the conclusion, that the reconstruction
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comparison of reconstr. shower sizes...

...core position

of the total muon number works very satisfactory. Furthermore,
the features of the accuracies are well understood and open
the possibility to correct the reconstructed muon number
to the true one by application of appropriate correction functions.
Such corrections will be applied when a dedicated analysis
requires it.

6. Summary and conclusions

The Grande calibration, reconstruction procedures, dynamic
range, and accuracies are presented, together with the character-
istics of the full detector KASCADE-Grande. As an example,
we show in Fig. 29 a typical KASCADE-Grande event as
reconstructed with the described procedures. Obviously, the

event is described very well over the accessible range of core
distances.

To avoid any model dependence in the analysis of the detector
performance, EAS observables measured and reconstructed by
KASCADE and Grande independently were compared on an event
by event basis. Even though such an analysis is limited by its
nature to a small number of events (of the order of a few percent
of all reconstructed events) it provides a reliable upper limit for
the Grande detector resolution. Moreover, the comparison
demonstrates the absence of systematic deviations between the
two reconstructions (see Fig. 27). Besides providing direct
information about the resolutions of Grande and about the
compatibility of the two arrays, a general comparison of the two
EAS arrays is instructive also for an overall understanding of EAS
detectors. At this point, it is important to realize that the
properties of the two arrays are quite different. The area actually
instrumented with detectors is 370 and 490m2 in Grande and
KASCADE, respectively, while the fiducial areas sensitive for EAS
detection are 4.9 !105 and 4!104m2. Therefore, the sampling
fraction, i.e. the ratio of detector over EAS area, is 7.5!10"4 and
1.2!10"2, respectively, i.e. it differs by a factor of 15. Concerning
shower geometry reconstruction, KASCADE achieves accuracies of
0.6m in core position and 0.141 in arrival direction at Nch # 106:2

(i.e. primary energy just above 1016 eV) [6]. The corresponding
values for Grande were shown to be about 6m and 0.81,
respectively. The shower size resolution in KASCADE is approxi-
mately 10% in Nm

9 at Nm # 104:6, (i.e. again at a primary energy just
above 1016 eV) and 3.5% at the corresponding shower size
Nch # 106:2. For Grande, the corresponding values are estimated
to about 20% for Nm and 10–15% for Nch. Thus, the shower size
resolution for two arrays operating at similar primary energies,
are found to scale roughly as the square root of the sampling
fraction.

As an example of a required sensitivity to composition studies
in this energy range, according to CORSIKA QGSJet II simulations,
the difference between primary protons and iron nuclei at 1016 eV
is of the order of 40% in muon number and of about 60% in shower
size. Shower fluctuations are most dominant in the shower size
and are of the order of 45% for primary protons and 25% for iron
nuclei. This shows that the achieved accuracies of the KASCADE-
Grande set-up with about 15% in Nch are for all primaries
significantly better than the contribution from the shower to
shower fluctuations. Taking into account the uncertainty of 20% in
Nm, an uncertainty of 30% is obtained for the composition sensitive
ratio Nm=Nch, which again is only a small fraction of the expected
proton-iron differences. These uncertainties, even when com-
bined with the shower to shower fluctuations, are adequate for a
significant discrimination not only of the heaviest (Fe) and
lightest (p) primaries, but also of an intermediate component
(He or CNO).

Apart from these intrinsic capabilities of the KASCADE-Grande
experiment in investigating energy spectrum, elemental
composition and cosmic ray anisotropy due to the achieved
accuracies, there is additional potential of the experiment due to
data from the muon detection devices MTD and at the CD. These
data, as well as the possibility to extract the electron shower size
from the combined charged particle and muon information, will
be helpful for cross-checks of obtained results and for validity
tests of the hadronic interaction models. The accessible primary
energy range for all these studies has a considerable overlap with
the KASCADE measurements in the lower energy range as well as
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9 Instead of Nm , KASCADE uses Ntr
m as observable. However, this difference is

not relevant for the present argument.
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likelihood procedure comparing the measured number of parti-
cles with the one expected from a modified NKG lateral
distribution function [18] of charged particles in EAS:

rchðrÞ ¼Nch $ fchðrÞ ¼Nch $ CðsÞ
r
r0

! "s%a
1þ

r
r0

! "s%b
ð2Þ

where Nch is the total number of charged particles at observation
level, s is the slope of the lateral distribution and r is the distance
from the shower core. The normalization factor is
CðsÞ ¼Gðb%sÞ=ð2pr20 $ Gðs%aþ2Þ $ Gðaþb%2s%2ÞÞ. The values of
the parameters a¼ 1:6, b¼ 3:4 and r0¼30m are obtained by
CORSIKA simulations including the simulations of the detector
response [19].

The maximum likelihood function is defined as
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e%ðN%niÞ
2=2s2

i dN

where Ni is the number of particles measured in station i while ni
is the expected one. The first term in the maximum likelihood
expression is used for stations with number of particles detected
Nio10, the second one is for those stations with NiZ10 (for these
stations the uncertainty of the expected number of particles is
calculated using the values of Table 2), and the third term is used
for saturated stations, giving the probability of measuring a
number of particles greater than the one corresponding to the
saturation level.

All active stations are used in the fitting procedure. For stations
having a valid TDC measurement, the number of particles is
derived from the energy deposit with the previously described
procedure. For the other stations the number of particles is set to
zero because the signal was lower than the threshold correspond-
ing to 1/3 m.i.p. The uncertainty of the particle number
considered for the fit is obtained by the calibration procedures,
i.e. the values shown in Fig. 14. As this uncertainty is large for
silent stations, they will not contribute significantly to the result.

The fit is performed following an iterative procedure:

(1) The shower parameters are estimated analytically.
(2) The core position is moved over a 7'7 grid with 8m spacing.

In each position s and Nch are fitted and the position providing
the minimum w2 is chosen as starting point.

(3) The arrival direction is reconstructed by the time fit.
(4) The lateral distribution of charged particles is fitted using

Expr. (2) with Nch and s as free parameters.
(5) The lateral distribution fit is performed with free parameters

xc and yc.
(6) Steps 3 and 4 are repeated to obtain the final values for the

arrival direction, Nch and s.
(7) Nm is obtained (see next section).

Events are selected for further analysis if they fulfill the following
conditions: (a) the highest energy deposit is recorded by a central
detector of a trigger hexagon, (b) at least 12 stations are fired (i.e.
provide a valid TDC-count), (c) the ratio between the detected and
the total reconstructed number of particles is above a given
threshold [20]. The following discussion will concentrate on
events with zenith angle yo403 and with the reconstructed
shower core inside a central fiducial area of ( 0:18km2 around
the center of the Grande array, where the efficiency is maximal
and the core distribution of triggered and reconstructed events is
uniformly distributed.

In Fig. 18 the experimental mean lateral distributions for
vertical showers ðyr183Þ and for different shower sizes in the
range 6:0o log10ðNchÞo8:0 are shown. The dashed lines represent
the lateral distribution functions (Eq. (2)) with mean Nch and
s-parameter values of the corresponding Nch bin. The lateral
distributions measured by the Grande array extend up to more
than 700m and the used lateral distribution function represents
the data well over the whole range.

4.4. Muon lateral distribution and fitting procedure

To reconstruct the lateral distribution of muons, the energy
deposits in the KASCADE muon detectors are at first converted to
particle numbers by means of a conversion function. This is done
in a similar way as for the charged particle component, but now
applied for muons only and taken into account the different
detector and absorber characteristics. The parameterization
results in

Edep
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likelihood procedure comparing the measured number of parti-
cles with the one expected from a modified NKG lateral
distribution function [18] of charged particles in EAS:
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where Nch is the total number of charged particles at observation
level, s is the slope of the lateral distribution and r is the distance
from the shower core. The normalization factor is
CðsÞ ¼Gðb%sÞ=ð2pr20 $ Gðs%aþ2Þ $ Gðaþb%2s%2ÞÞ. The values of
the parameters a¼ 1:6, b¼ 3:4 and r0¼30m are obtained by
CORSIKA simulations including the simulations of the detector
response [19].

The maximum likelihood function is defined as
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where Ni is the number of particles measured in station i while ni
is the expected one. The first term in the maximum likelihood
expression is used for stations with number of particles detected
Nio10, the second one is for those stations with NiZ10 (for these
stations the uncertainty of the expected number of particles is
calculated using the values of Table 2), and the third term is used
for saturated stations, giving the probability of measuring a
number of particles greater than the one corresponding to the
saturation level.

All active stations are used in the fitting procedure. For stations
having a valid TDC measurement, the number of particles is
derived from the energy deposit with the previously described
procedure. For the other stations the number of particles is set to
zero because the signal was lower than the threshold correspond-
ing to 1/3 m.i.p. The uncertainty of the particle number
considered for the fit is obtained by the calibration procedures,
i.e. the values shown in Fig. 14. As this uncertainty is large for
silent stations, they will not contribute significantly to the result.

The fit is performed following an iterative procedure:

(1) The shower parameters are estimated analytically.
(2) The core position is moved over a 7'7 grid with 8m spacing.

In each position s and Nch are fitted and the position providing
the minimum w2 is chosen as starting point.

(3) The arrival direction is reconstructed by the time fit.
(4) The lateral distribution of charged particles is fitted using

Expr. (2) with Nch and s as free parameters.
(5) The lateral distribution fit is performed with free parameters

xc and yc.
(6) Steps 3 and 4 are repeated to obtain the final values for the

arrival direction, Nch and s.
(7) Nm is obtained (see next section).

Events are selected for further analysis if they fulfill the following
conditions: (a) the highest energy deposit is recorded by a central
detector of a trigger hexagon, (b) at least 12 stations are fired (i.e.
provide a valid TDC-count), (c) the ratio between the detected and
the total reconstructed number of particles is above a given
threshold [20]. The following discussion will concentrate on
events with zenith angle yo403 and with the reconstructed
shower core inside a central fiducial area of ( 0:18km2 around
the center of the Grande array, where the efficiency is maximal
and the core distribution of triggered and reconstructed events is
uniformly distributed.

In Fig. 18 the experimental mean lateral distributions for
vertical showers ðyr183Þ and for different shower sizes in the
range 6:0o log10ðNchÞo8:0 are shown. The dashed lines represent
the lateral distribution functions (Eq. (2)) with mean Nch and
s-parameter values of the corresponding Nch bin. The lateral
distributions measured by the Grande array extend up to more
than 700m and the used lateral distribution function represents
the data well over the whole range.

4.4. Muon lateral distribution and fitting procedure

To reconstruct the lateral distribution of muons, the energy
deposits in the KASCADE muon detectors are at first converted to
particle numbers by means of a conversion function. This is done
in a similar way as for the charged particle component, but now
applied for muons only and taken into account the different
detector and absorber characteristics. The parameterization
results in
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Its functional form is depicted in Fig. 19. Again, small effects due
to the interaction model used and the dependence on the shower
size are neglected. Near the shower core ðrt160mÞ the average
energy deposit per muon increases because of accompanying
punch through from energetic electrons, positrons and photons.
At larger radii the deposited energy per muon reaches a value of
approximately 7.6MeV, where the small increase is due to the
relativistic rise of the energy deposit because of increasing muon
energy with distance.

For events detected by KASCADE only we reconstruct Ntr
m by

integrating the muon lateral distribution function between 40 and
200m to minimize systematic effects from the unknown shape of
the function at large core distances. This is not possible for Grande
detected EAS as the available muon detectors cover a distance
range which varies from event to event. Instead, the total number
of muons Nm in the shower disk (above the energy threshold of
230MeV) is derived from a maximum likelihood estimation
assuming the locally detected muons to fluctuate according to a
Poisson distribution:

Nrec
m ¼

Xk

i ¼ 1

ni=
Xk

i ¼ 1

ðf ðriÞAi $ cosðyÞÞ ð4Þ

with ni represents the number of particles measured at a core
distance ri in one of the k muon detectors with sensitive area Ai, y
is the zenith angle of the air shower, and f(r) is an appropriate
lateral distribution function. Here, we have chosen a lateral
distribution function based on the one proposed by Lagutin and
Raikin [22] for the electron component:

rmðrÞ ¼Nm $ fmðrÞ ¼Nm $
0:28
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r
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! "p2
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:

ð5Þ

The parameters p1¼&0.69, p2¼&2.39, p3¼&1.0, and r0¼320m
are based on CORSIKA simulations (found to be nearly indepen-
dent of the hadronic interaction model utilized). Both proton and
iron primaries were simulated at energies of 1016 and 1017 eV and
then the average of the fits is used. Since the muon densities are
very low, except for the highest energy showers, stable fits on
shower-by-shower basis are only obtained if the shape of the

lateral distribution function is kept constant and only the muon
number Nm is taken as a fit parameter.

The measured mean muon density distribution and the lateral
distribution function of Eq. (5) with the muon number Nm set to
the reconstructed mean muon number Nrec

m (Eq. (4)) are shown in
Fig. 20. The measured densities are in general well described by
the lateral distribution function. This means a good conformity
between directly measured sizes and reconstructed ones. Only in
case of relatively small and large core distances one observes
deviations due to the fixed shape of the lateral distribution
function which does not account for the primary energy or the
zenith angle of the air shower.

In addition to the total number of muons per individual
shower the density of muons at a fixed radial distance to the
shower axis can be estimated. This density of muons is directly
measured by the KASCADE array muon detectors, where these
detectors are grouped in rings of 20m distance from the shower
axis. The sum of the signals measured by all muon stations inside
each ring is divided by the effective detection area of the stations.
Therefore, the muon density as a function of the distance from the
shower axis is measured in a very direct way and no fitting of the
lateral distribution is needed in this case.

4.5. Trigger and reconstruction efficiencies

The trigger and reconstruction efficiencies of EAS, after
applying all quality and fiducial area cuts as well as the
requirement of a successful shower size and muon number
reconstruction, are shown in Fig. 21 as a function of the simulated
total number of charged particles and the primary energy for
different primaries. They are computed by means of full
simulations of the shower development and detector response.
Efficiencies above one are due to cuts on the reconstructed core
positions, i.e. events falling outside the selected area can be
reconstructed inside. Concerning Nch, primary iron reaches earlier
the maximum efficiency, as for lower energy showers the
geometrical structure of the Grande array requires already
muons for triggering these events.
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Fig. 19. Average energy deposit per muon in a KASCADE muon detector as a
function of the distance of this detector from the shower core (muon LECF
according to Eq. (3)).
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Its functional form is depicted in Fig. 19. Again, small effects due
to the interaction model used and the dependence on the shower
size are neglected. Near the shower core ðrt160mÞ the average
energy deposit per muon increases because of accompanying
punch through from energetic electrons, positrons and photons.
At larger radii the deposited energy per muon reaches a value of
approximately 7.6MeV, where the small increase is due to the
relativistic rise of the energy deposit because of increasing muon
energy with distance.

For events detected by KASCADE only we reconstruct Ntr
m by

integrating the muon lateral distribution function between 40 and
200m to minimize systematic effects from the unknown shape of
the function at large core distances. This is not possible for Grande
detected EAS as the available muon detectors cover a distance
range which varies from event to event. Instead, the total number
of muons Nm in the shower disk (above the energy threshold of
230MeV) is derived from a maximum likelihood estimation
assuming the locally detected muons to fluctuate according to a
Poisson distribution:

Nrec
m ¼

Xk

i ¼ 1

ni=
Xk

i ¼ 1

ðf ðriÞAi $ cosðyÞÞ ð4Þ

with ni represents the number of particles measured at a core
distance ri in one of the k muon detectors with sensitive area Ai, y
is the zenith angle of the air shower, and f(r) is an appropriate
lateral distribution function. Here, we have chosen a lateral
distribution function based on the one proposed by Lagutin and
Raikin [22] for the electron component:
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The parameters p1¼&0.69, p2¼&2.39, p3¼&1.0, and r0¼320m
are based on CORSIKA simulations (found to be nearly indepen-
dent of the hadronic interaction model utilized). Both proton and
iron primaries were simulated at energies of 1016 and 1017 eV and
then the average of the fits is used. Since the muon densities are
very low, except for the highest energy showers, stable fits on
shower-by-shower basis are only obtained if the shape of the

lateral distribution function is kept constant and only the muon
number Nm is taken as a fit parameter.

The measured mean muon density distribution and the lateral
distribution function of Eq. (5) with the muon number Nm set to
the reconstructed mean muon number Nrec

m (Eq. (4)) are shown in
Fig. 20. The measured densities are in general well described by
the lateral distribution function. This means a good conformity
between directly measured sizes and reconstructed ones. Only in
case of relatively small and large core distances one observes
deviations due to the fixed shape of the lateral distribution
function which does not account for the primary energy or the
zenith angle of the air shower.

In addition to the total number of muons per individual
shower the density of muons at a fixed radial distance to the
shower axis can be estimated. This density of muons is directly
measured by the KASCADE array muon detectors, where these
detectors are grouped in rings of 20m distance from the shower
axis. The sum of the signals measured by all muon stations inside
each ring is divided by the effective detection area of the stations.
Therefore, the muon density as a function of the distance from the
shower axis is measured in a very direct way and no fitting of the
lateral distribution is needed in this case.

4.5. Trigger and reconstruction efficiencies

The trigger and reconstruction efficiencies of EAS, after
applying all quality and fiducial area cuts as well as the
requirement of a successful shower size and muon number
reconstruction, are shown in Fig. 21 as a function of the simulated
total number of charged particles and the primary energy for
different primaries. They are computed by means of full
simulations of the shower development and detector response.
Efficiencies above one are due to cuts on the reconstructed core
positions, i.e. events falling outside the selected area can be
reconstructed inside. Concerning Nch, primary iron reaches earlier
the maximum efficiency, as for lower energy showers the
geometrical structure of the Grande array requires already
muons for triggering these events.
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Fig. 19. Average energy deposit per muon in a KASCADE muon detector as a
function of the distance of this detector from the shower core (muon LECF
according to Eq. (3)).
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This has the advantage of being independent of Monte Carlo simulations [18–181

20]. The CIC method is based on the assumptions that the arrival direction182

distribution of cosmic rays is isotropic and that the cosmic ray flux behaves183

monotonically with primary energy. In this way, the frequency of primary184

particles becomes a reference variable for the primary energy of cosmic rays185

independent of the zenith angle.186

To apply the CIC method, as a first step, the integral spectra, J(> Nch) and187

J(> Nµ), are calculated for all angular bins. Then, fixed frequency rates (in-188

tegral intensities) are chosen in the range of maximum efficiency and sufficient189

statistics. By this, attenuation curves (log10(Nch) and log10(Nµ) versus sec θ)190

for each intensity are built, where an interpolation between two adjacent points191

of the integral spectrum is applied. The evolution of the shower size (muon192

number) in the atmosphere is extracted by applying a global fit to the attenu-193

ation curves through a second degree polynomial in sec θ: P (θ). Using a global194

fit is possible since the differences in the obtained parameters by fitting indi-195

vidual curves are smaller than the uncertainty. With the parameters obtained,196

the shower size (muon size) of an individual air shower can be corrected with197

Nch(µ)(θref ) = Nch(µ)(θ) exp [P (θref )− P (θ)] to obtain the equivalent size at a198

given zenith angle of reference, θref . The reference angle is chosen to be the199

8

flux to be corrected for
attenuation in atmosphere
➙ using CIC-Method to match to 20°

bins in zenith angle 
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Nµ distribution
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This has the advantage of being independent of Monte Carlo simulations [18–181

20]. The CIC method is based on the assumptions that the arrival direction182

distribution of cosmic rays is isotropic and that the cosmic ray flux behaves183

monotonically with primary energy. In this way, the frequency of primary184

particles becomes a reference variable for the primary energy of cosmic rays185

independent of the zenith angle.186

To apply the CIC method, as a first step, the integral spectra, J(> Nch) and187

J(> Nµ), are calculated for all angular bins. Then, fixed frequency rates (in-188

tegral intensities) are chosen in the range of maximum efficiency and sufficient189

statistics. By this, attenuation curves (log10(Nch) and log10(Nµ) versus sec θ)190

for each intensity are built, where an interpolation between two adjacent points191

of the integral spectrum is applied. The evolution of the shower size (muon192

number) in the atmosphere is extracted by applying a global fit to the attenu-193

ation curves through a second degree polynomial in sec θ: P (θ). Using a global194

fit is possible since the differences in the obtained parameters by fitting indi-195

vidual curves are smaller than the uncertainty. With the parameters obtained,196

the shower size (muon size) of an individual air shower can be corrected with197

Nch(µ)(θref ) = Nch(µ)(θ) exp [P (θref )− P (θ)] to obtain the equivalent size at a198

given zenith angle of reference, θref . The reference angle is chosen to be the199

8

almost no attenuation of µ‘s
but using CIC also to match to 22°

bins in zenith angle 
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Reconstruction of E-Spectrum

17

3 basic methods (at present):
• Nch as observable

• Nµ as observable

• Nch vs Nµ combined as observable

• Cross check of reconstruction procedures
• Cross check of systematic uncertainties
• Test sensitivity to composition
• Cross check of validity of hadronic interaction models

   ➠ E0∝Nchα using CORSIKA and assuming primary mass

   ➠ E0∝Nµβ using CORSIKA and assuming primary mass

   ➠ minmizes composition dependence
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E-Spectra from Nch & Nµ for p , Fe-assumption
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Fig. 5. Calibration functions for assumed pure proton and iron primaries for the
observables Nch (left panel) and Nµ (right panel), respectively.

To determine the energy from the (attenuation corrected) total muon number278

Nµ a similar procedure as in the case of Nch was applied: a calibration function279

for the muon size (θref = 22◦) in terms of the primary energy was invoked. As280

before, the calibration curve is described with a relation of the form log10E =281

aµ + bµ · log10Nµ (see Fig. 5, right panel). For the case of pure protons, the282

fit results in aµ = 1.61 ± 0.42 and bµ = 1.09 ± 0.07 with χ2/ndf = 0.37/8.283

For iron assumption the values aµ = 1.63 ± 0.24 and bµ = 1.07 ± 0.04 with284

χ2/ndf = 0.85/9 are obtained. In case of muon shower size, as the fluctuations285

are smaller, the energy resolution for protons and iron nuclei are of the order286

of 25% and 12%, respectively at E ≈ 1017 eV. Similar to the case of Nch,287

the effect of the shower-to-shower fluctuations on the spectral slope of the288

energy spectrum is corrected for by applying the unfolding procedure with a289

smoothed response matrix.290

Figure 6 shows the all-particle energy spectra as obtained after applying the291

calibration functions as well as the appropriate corrections for the bin-to-292

bin fluctuations for both approaches. Besides the statistical uncertainties also293

bands are shown depicting the systematic uncertainties on the flux, which294

were determined for the the two approaches and the different primaries inde-295

pendently. The considered sources of such uncertainties are:296

• the energy calibration relation.297

The calibration function is determined by a power law fit where the asso-298

ciated systematic uncertainties are estimated by varying the fit range. The299

influence of shower fluctuations on the reconstructed primary energy spec-300

trum is estimated by varying the spectral index of the simulated spectra,301

resulting in about 6% (4%) and 4% (6%) for proton and iron, respectively302

for Nch (Nµ).303

• the attenuation correction using the CIC method.304

The uncertainties due to a possible mis-description of the attenuation in the305

Monte Carlo simulations are estimated by varying the reference zenith angle.306

By varying the reference angle from 10 to 30 degrees for the calibration307
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Fig. 6. All-particle energy spectrum (including systematic uncertainties) for the
assumption of primary protons and iron, respectively based on the shower size (left
panel) and on the total muon number (right panel).

(which is a very conservative assumption) there is a contribution of 18%308

(6%) for proton and 14% (11%) for iron in case ofNch (Nµ). The contribution309

of the attenuation correction itself is with less than 2% negligible.310

• the correction function for the reconstructed muon number Nµ (< 5%).311

• the correction of the fluctuation effects on the spectral slope.312

The application of the response matrix introduced a systematic error in the313

unfolded spectra which is determined to 5% (1%) and 1% (2%) for proton314

and iron, respectively for Nch (Nµ).315

The total systematic uncertainty (i.e. sum in quadrature of all terms) on the316

flux for proton and iron are 21% (7%) and 17% (13%), respectively in case of317

Nch (Nµ), at energies of 1017 eV. Both, the energy and flux uncertainties are318

energy dependent and evolve in such a way that they increase near the energy319

threshold and in the high-energy region, where statistics decreases.320

3.2 Two parameter reconstruction of the energy spectrum321

The approach finally applied to the KASCADE-Grande data combines the322

information provided by the two shower sizes Nch and Nµ. The energy assign-323

ment is obtained by using the simulations to define a formula E = f(Nch, k),324

where k is defined through the ratio of the sizes of the Nch and muon (Nµ)325

components: k = g(Nch,Nµ). The main aim of the k variable is to correlate326

these observables on event-to-event basis and take into account the differences327

in the Nch/Nµ ratio for different primary masses with same Nch and the shower328

to shower fluctuations for events of the same primary mass:329

log10(E[GeV ]) = [ap + (aFe − ap) · k] · log10(Nch) +

+ bp + (bFe − bp) · k (1)
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To determine the energy from the (attenuation corrected) total muon number278

Nµ a similar procedure as in the case of Nch was applied: a calibration function279

for the muon size (θref = 22◦) in terms of the primary energy was invoked. As280

before, the calibration curve is described with a relation of the form log10E =281

aµ + bµ · log10Nµ (see Fig. 5, right panel). For the case of pure protons, the282

fit results in aµ = 1.61 ± 0.42 and bµ = 1.09 ± 0.07 with χ2/ndf = 0.37/8.283

For iron assumption the values aµ = 1.63 ± 0.24 and bµ = 1.07 ± 0.04 with284

χ2/ndf = 0.85/9 are obtained. In case of muon shower size, as the fluctuations285

are smaller, the energy resolution for protons and iron nuclei are of the order286

of 25% and 12%, respectively at E ≈ 1017 eV. Similar to the case of Nch,287

the effect of the shower-to-shower fluctuations on the spectral slope of the288

energy spectrum is corrected for by applying the unfolding procedure with a289

smoothed response matrix.290

Figure 6 shows the all-particle energy spectra as obtained after applying the291

calibration functions as well as the appropriate corrections for the bin-to-292

bin fluctuations for both approaches. Besides the statistical uncertainties also293

bands are shown depicting the systematic uncertainties on the flux, which294

were determined for the the two approaches and the different primaries inde-295

pendently. The considered sources of such uncertainties are:296

• the energy calibration relation.297

The calibration function is determined by a power law fit where the asso-298

ciated systematic uncertainties are estimated by varying the fit range. The299

influence of shower fluctuations on the reconstructed primary energy spec-300

trum is estimated by varying the spectral index of the simulated spectra,301

resulting in about 6% (4%) and 4% (6%) for proton and iron, respectively302

for Nch (Nµ).303

• the attenuation correction using the CIC method.304

The uncertainties due to a possible mis-description of the attenuation in the305

Monte Carlo simulations are estimated by varying the reference zenith angle.306

By varying the reference angle from 10 to 30 degrees for the calibration307
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E-Spec from (Nch & Nµ) combined
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k =
log10(Nch/Nµ)− log10(Nch/Nµ)p
log10(Nch/Nµ)Fe − log10(Nch/Nµ)p

(2)330

log10(Nch/Nµ)p,Fe = cp,Fe · log10(Nch) + dp,Fe. (3)331

The coefficients a, b, c, d are obtained for each zenith angular range indepen-332

dently, where fits are applied to the scatter plots (Nch, Nch/Nµ) and (Nch, E0).333

The fit range is chosen to 6 ≤ log(Nch) ≤ 8, i.e. where 100% trigger efficiency334

is guaranteed. Due to the larger fluctuations, in case of protons the coefficients335

c and d has been obtained iteratively to better reproduce the original true en-336

ergy spectrum of the simulated data. As an example, Fig. 7 shows the scatter337

plots including the fits for the first angular bin. Similar plots are obtained in338

the other angular bins and all coefficients are compiled in Table 1. The k pa-339

rameter is, by definition of eq. 2, a number centered around null for a typical340

proton shower and one for a typical iron shower.341

Before applying the calibration parameters to the measured data an unfolding342

procedure is applied again to better take into account the role of fluctuations343

at the energy threshold and possible non-linear behaviors of the (Nch, Nch/Nµ)344

and (Nch, E0) relations in the region 6 ≤ log(Nch) ≤ 8. The limited statistics of345

the simulated events at the highest energies is taken into account by smoothing346

the response matrices calculated for each zenith angular range individually.347

Applying the calibration parameters and the unfolding procedure to the mea-348

sured data the spectra shown in Fig. 8 are obtained. A systematic shift is349
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Fig. 7. Left panel: Scatter plot of Nch/Nµ vs. Nch for primary iron (red) and proton
(blue) nuclei. The full dots and error bars indicate the mean and RMS of the dis-
tribution of the individual events (small dots). The fits result in parameters c and
d of expression 3. Right panel: Scatter plots of E vs. Nch for iron (red) and proton
(blue) primary nuclei for the same angular bin. The fits result in parameters a and
b of expression 1.
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the other angular bins and all coefficients are compiled in Table 1. The k pa-339

rameter is, by definition of eq. 2, a number centered around null for a typical340

proton shower and one for a typical iron shower.341
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Fig. 7. Left panel: Scatter plot of Nch/Nµ vs. Nch for primary iron (red) and proton
(blue) nuclei. The full dots and error bars indicate the mean and RMS of the dis-
tribution of the individual events (small dots). The fits result in parameters c and
d of expression 3. Right panel: Scatter plots of E vs. Nch for iron (red) and proton
(blue) primary nuclei for the same angular bin. The fits result in parameters a and
b of expression 1.
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Method is independent from composition
but to be applied separately for each angular bin 

Fe

p

M. Bertaina, ICRC2009

E = f(Nch, k)
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E-Spec: Comparison of Methods
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Fig. 10. Reconstructed all-particle energy spectrum by the three different approaches
applied to KASCADE-Grande data. For the combined method a band is shown
indicating the range of the systematic uncertainty (without uncertainties by the
chosen hadronic interaction model).

variables, shows basically a larger uncertainty in the reconstruction as it com-460

bines the uncertainties on both variables, but this is compensated by taking461

into account the correlation of these observables at individual events. Further-462

more, by this procedure the composition dependence is strikingly decreased.463

Therefore, comparing the systematic uncertainties of the three approaches,464

they are in numbers quite similar (except regarding the composition depen-465

dence) and the behavior is well understood. The different attenuation (and its466

handling to correct for) of the various observables are also well understood and467

uncertainties are taken into account. There are some hints that the QGSJet468

model shows a slightly different behavior in the attenuation compared to the469

measurement. The effects are small for investigations in a zenith angular range470

below Θ = 40◦, but will be subject of further investigations.471

In figure 10 the resulting spectra are compiled, where the flux is multiplied by472

a factor of E3.0. Owing to the different procedures, the results for the first two473

approaches are shown under proton and iron assumption, respectively, only,474

whereas the final spectrum is displayed with a band showing the systematic475

uncertainties. Taking into account the systematic uncertainties, there is a fair476

agreement between the all-particle energy spectra obtained by the different477

applications.478

Of particular interest is the fact that by using Nch, the iron assumption pre-479

dicts a higher flux than the proton assumption, whereas using Nµ the opposite480

is the case. That means that the true spectrum has to be a solution inside the481

range spanned by the two methods. If there is only the possibility of applying482

one method, then there is a large variance in possible solutions (everything483

within the range spanned by proton and iron line, not even parallel to these484

lines). However, more detailed investigations have shown, that a structure in485

18

Nch protons

Nch Fe

Nµ protons

Nµ Fe Nch & Nµ
combined
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Comparison to other Expt‘s
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Fig. 12. Comparison of the all-particle energy spectrum obtained with KASCADE–
Grande data based on the QGSJet model to results of other experiments. The band
around the KASCADE-Grande spectrum denotes the systematic uncertainties in
the flux estimation. An EPOS based analysis would result in spectrum which is
shifted upwards by approximately 10% in the flux.

there is at low energies a very good agreement with the results of the KAS-569

CADE experiment and others in the overlapping energy range. At higher ener-570

gies the KASCADE-Grande spectrum (QGSJet II) shows a slightly lower flux571

than earlier experiments, in particular by GAMMA, AKENO and YAKUTSK.572

The strong peak-like structure at 1017 eV as claimed by the GAMMA exper-573

iment [30] is not confirmed by our results. At the highest accessible energy574

the KASCADE-Grande result is statistically in agreement with the results of575

HIRES and the Pierre Auger Observatory.576

4 Conclusion577

The main observables of KASCADE-Grande, shower size and total number578

of muons in the air showers could be reconstructed with high precision and579

low systematic uncertainties. Applying various reconstruction methods to the580

KASCADE-Grande data the obtained all-particle energy spectra are com-581

pared for cross-checks of reconstruction, for studies of systematic uncertain-582

ties and for testing the validity of the underlying hadronic interaction models.583

By combining both observables, a composition independent all-particle en-584

ergy spectrum of cosmic rays is reconstructed in the energy range of 1016 eV585

to 1018 eV within an uncertainty of 10-15% based on the hadronic interaction586
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Comparison to other Expt‘s
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Residual Plot

23

1610 1710 1810

)-1
-3

.0
15

 E×
I/(

A
 

-0.6

-0.4

-0.2

0

0.2

0.4

primary energy [eV]

KASCADE-Grande energy spectrum

Fig. 11. The all-particle energy spectrum obtained with KASCADE-Grande. The
residual flux after multiplying the spectrum with a factor of E3.015 is displayed as
well as the band of systematic uncertainty.

the maximum acceleration energy for different types of Supernovae taking into525

account also their relative abundances in our galaxy lead to an extension of526

the galactic component up to a few EeV. The transition from CR origin from527

the standard type SN Ia to SN IIb supernovae requires a hardening of the528

spectrum at 10 PeV. Also the contribution of a nearby (single) source to the529

general galactic modulation (which only can lead to a very smooth change of530

the slope index over more than a decade in energy) sharpening the knee at a531

few PeV requires a hardening of the spectrum just above 10 PeV [26,27]. It is532

interesting to note, that recently the CREAM detector (balloon experiment)533

has described such a hardening of the proton and helium spectra at much534

lower energies [28], which by the authors is assigned to a possible change of535

the acceleration mechanism of cosmic rays.536

Another feature in the spectrum is a small break at around 1017 eV. Applying537

a second power law above 1017 eV an index of γ = −3.24 ± 0.08 is obtained.538

With a statistical significance of 7.75 sigma the two power laws are incompat-539

ible to each other. Even taking into account worst scenarios for the systematic540

uncertainties or applying more stringent procedures to calculate the signif-541

icance an ≈ 5 sigma effect is kept. This slight slope change occurs at an542

energy where the rigidity dependent knee of the iron component would be543

expected (KASCADE QGSJet based analysis assigns the proton knee to an544

energy of ≈ 3 · 1015 eV). The change of the spectral index is small compared545

to what KASCADE have seen in case of protons and helium, which could be546

explained, when the iron component is not dominant around 1017 eV. This547

again can happen in presence of a ‘component B’ of mixed composition. A548

significant conclusion is not possible without investigating the composition in549

detail in this energy range.550
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QGSJET II hadronic interaction model
~10% systematic uncertainty in flux (energy independent)

Nch- Nµ method

4·1015 * 26 = 1017 eV

Fe-knee ??

p-He-
knee

Auger-HiRes:
light compos.



Karl-Heinz Kampert, University WuppertalHighlights of APP; Torino Sept. 2010 

Interpretation of CR-spectrum

24

Berezinsky
e+e- dip model
simple transition from
galactic to extra-galactic
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Interpretation of CR-spectrum

25

M. Hillas 
JPG 31 (2005) R95

similar structures
as seen in data
originate from 
galactic comp. B
(e.g. by different
type of SNe)

single source model
of E&W also give
rise to structures...
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Interpretation of CR-spectrum
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V. Ptuskin et al., Astrophysical Journal 718 (2010) 31.

Composition Studies
will be very essential !
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Simple Approach: Composition from Nµ/Ne ratio
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p
C

–– Data
Cantoni et al. ICRC 2009

Fe

23%

34%

43%

6.49 ≤ lg(Ne) ≤ 6.74
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2D-regularized unfolding
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KASCADE-Grande
data

dJ

d lg(N rec
ch ) d lg(Nµ)

=
∑

A

∫ −∞

−∞

dJA
d lg(E)

pA(lg(N
rec
ch , lg(N rec

µ )| lg(E))d lg(E)

• 1173 days of effective
   DAQ time.
• Performance of
   reconstruction and
   detector is stable.
• θ < 40°
• Exposure:
    2·1017 cm2 s sr

see: Antoni et al.
APP 24 (2005) 1 
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Test of Unfolding (5 mass groups)
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D. Fuhrmann, M. Finger
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Conclusion

30

• KASCADE-Grande had quite a difficult start

 but Giannis passion & stubbornness made it become true

• co-location to KASCADE enables many tests of data quality

• all particle spectra consistent with EAS-TOP & KASCADE

• 1016 – 1018 eV region very important to verify Fe-knee
and transition galactic - extra-galactic

• No single power law; structures seen in spectra

• Unfolding of spectra in progress - stay tuned!

• data from Auger AMIGA/HEAT, IceTop, etc. will be
very interesting to compare with
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Fig. 11. The all-particle energy spectrum obtained with KASCADE-Grande. The
residual flux after multiplying the spectrum with a factor of E3.015 is displayed as
well as the band of systematic uncertainty.

the maximum acceleration energy for different types of Supernovae taking into525

account also their relative abundances in our galaxy lead to an extension of526

the galactic component up to a few EeV. The transition from CR origin from527

the standard type SN Ia to SN IIb supernovae requires a hardening of the528

spectrum at 10 PeV. Also the contribution of a nearby (single) source to the529

general galactic modulation (which only can lead to a very smooth change of530

the slope index over more than a decade in energy) sharpening the knee at a531

few PeV requires a hardening of the spectrum just above 10 PeV [26,27]. It is532

interesting to note, that recently the CREAM detector (balloon experiment)533

has described such a hardening of the proton and helium spectra at much534

lower energies [28], which by the authors is assigned to a possible change of535

the acceleration mechanism of cosmic rays.536

Another feature in the spectrum is a small break at around 1017 eV. Applying537

a second power law above 1017 eV an index of γ = −3.24 ± 0.08 is obtained.538

With a statistical significance of 7.75 sigma the two power laws are incompat-539

ible to each other. Even taking into account worst scenarios for the systematic540

uncertainties or applying more stringent procedures to calculate the signif-541

icance an ≈ 5 sigma effect is kept. This slight slope change occurs at an542

energy where the rigidity dependent knee of the iron component would be543

expected (KASCADE QGSJet based analysis assigns the proton knee to an544

energy of ≈ 3 · 1015 eV). The change of the spectral index is small compared545

to what KASCADE have seen in case of protons and helium, which could be546

explained, when the iron component is not dominant around 1017 eV. This547

again can happen in presence of a ‘component B’ of mixed composition. A548

significant conclusion is not possible without investigating the composition in549

detail in this energy range.550
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patient...
hard working...

... with humor

Foto by A. Haungs

Foto by A. Haungs

1999 in Lapland (KHK)


