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Primary mass sensitivity of lateral shower age parameter in EAS
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Abstract: Detailed Monte Carlo simulation studies of cosmic ray extensive air showers in the energy range 0.1 PeV - 1
EeV are made using CORSIKA in order to examine the sensitivity of lateral shower age to primary mass. After proposing
an unambiguous way of estimating lateral shower age parameter, a few measurable properties of the lateral shower age
and its correlation with other EAS observables are studied for different primaries using the Monte Carlo simulated data,
which demonstrate clear mass dependence. The findings from simulation are compared with some experimental results
to extract information on average mass composition around the knee region.
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1 Introduction

The lateral density distribution of electrons in cosmic ray
extensive air shower (EAS) is usually approximated by
the well known Nishimura-Kamata-Greisen (NKG) struc-
ture function [1] and the shower parameters viz. shower
size which is the total number of electrons in an EAS and
shower age (��) that describes the slope of the radial distri-
bution of electrons in EAS are evaluated by fitting the struc-
ture function with the measured densities. While shower
size is often related with the energy of the EAS initiating
particle but the lateral shower age has not received suf-
ficient importance so far in deducing information on pri-
maries from EAS observations. This is probably because
the lateral shower age estimated from experimental data
differs from the longitudinal age (��) that describes the de-
velopmental stage of a cosmic ray cascade in atmosphere.
Note that theoretically �� is supposed to be equal to ��.
It is further observed that the NKG function with a single
lateral age parameter is insufficient to describe the experi-
mental lateral distribution of EAS electrons properly at all
distances implying that the lateral age changes with radial
distance.

Some experimental results [2, 3], however, suggests that
two age parameters are connected through the approximate
relation �� � �� � Æ, with Æ � ���. Some early Monte
Carlo (MC) simulation studies [4] also indicate that the
lateral age has some correlation with longitudinal age and
hence the parameter should be sensitive on the nature of
the shower initiating particle. In recent years the knowl-
edge of high energy interactions has been improved a lot

with the accelerator results. Consequently uncertainties on
the results of MC studies of EAS have been reduced signif-
icantly at present.

In the present work we would explore through MC study
whether lateral age parameter is sensitive on primary mass
and consequently the possible role that the parameter may
play in a multi-parameter approach of studying EAS to un-
derstand the nature of shower initiating particles. One ma-
jor challenge, however, is the reliable and unambiguous es-
timation of the lateral shower age from the experimentally
measured electron densities. We would address this prob-
lem first.

2 Lateral age parameter

The lateral density distribution of cascade particles can
be approximated by the well known Nishimura-Kamata-
Greisen (NKG) structure function proposed by Greisen [1],
which is given by

���� � �����������
������ � �����

������ � (1)

where � is the radial distance from the shower core, �� is
the Moli��re radius which is nearly 	�	 at sea level, and
the normalization factor C(��) is given by

����� �

����� ���

�

����
����� ����
� (2)

The NKG formula has the advantage of normalization as it
is integrable in Euler Beta function. The normalization of
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f(r) implies for the electron density ���� � ������. But
such a handy relation does not hold if �� varies with r, as
noted in several observations.

An improvement of the NKG function was proposed by
adopting a modulated, longitudinal age parameter �� de-
pendent effective Moliere radius so that

������ � �����
����������� (3)

where � � ���� � ������. But even with such a modi-
fication lateral age is found to vary with radial age experi-
mentally. To handle the situation a method was developed
by Capdevielle et al. [4] introducing the notion of local age
parameter.

From two neighbouring points, 	 and 
, we can give
a (local) lateral age parameter for any distribution ����
(where � � �

��
) which characterizes the best fit by a NKG-

type function in [�	� �
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where 	
 = ���	)/���
), �	
=�	/�
 , and
�	
=(�	+1)/(�
+1). More generally, if �	 � �
 , this
suggests the definition of the LAP ���� (or ����) at each
point :
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Function ������� with �=���� can be used to fit � in the
neighbourhood of �.

The identification ���� � �	
 for � �
�����
�

re-
mains valid for the experimental distributions (taking
	
 � ���	�����
) as far as they are approximated by
monotonic decreasing functions versus distance.

The behavior of the local age parameter ��� on experi-
mental lateral distributions was found in accordance with
the prediction [4] which was reaffirmed by the Akeno ob-
servations [5]. The stated method was validated by the rap-
porteurs of the ICRC from 1981 to 1985 [6]. The whole
procedure was also employed in the calculation of radio
effects of EAS.

In the present work we would consider local (lateral) age
parameter.

3 Generation of EAS events

For generating EAS events, the air shower simulation pro-
gram CORSIKA (COsmic Ray SImulation for KAscade)
version 6.600 and 6.735 [7] is exploited here in the en-
ergy range from 0.1 PeV to 1 EeV. The high energy (above
������
) hadronic interaction model QGSJET 01 version
1c [8] has been used in combination with the low energy
(below ������
) hadronic interaction model GHEISHA
(version 2002d) or FLUKA [9] depending on the primary

energy. For the electro-magnetic part both the EGS4 pro-
gram library and the NKG option are used. We consider the
US-standard atmospheric model [10] with planar approxi-
mation. The maximum primary zenith angle is restricted to
��. The EAS events have been generated mainly for Pro-
ton and Iron nuclei as primaries. A small number of events
have also been simulated for He primaries.

4 Estimation of lateral shower age

The simulated data have been analyzed using the recon-
struction algorithms developed to obtain basic shower pa-
rameters i.e. shower size (total number of shower elec-
trons) and shower age. We adopt two different methods.
First following the traditional approach we estimate basic
shower parameters by fitting the density data with the NKG
structure function. Secondly, exploiting Eq.(4) we directly
estimate local shower age parameter for each individual
event.

We noted that the description of the data by the NKG func-
tion is improved a lot when the Moliere radius is treated
as a variable rather than a fixed parameter. But this better
description comes at the expense of very high shower age
value which somewhat obscures the physical meaning of
the age parameter as assigned in the cascade theory.

The variation of local age parameter with radial distance
from the shower core is shown in figure 1(Left) for pro-
ton and iron primaries. It is known from previous studies
[4] that the local age parameter initially decreases with ra-
dial distance, reaches a minimum between 30 to 50 m and
then increases with radial distance. Here we have noticed
two other interesting features: The local age again starts
to decrease around 300 m and more importantly the nature
of the variation of local age with radial distance appears
nearly the same for all primary energies i.e. the nature of
variation is practically independent of energy of the shower
initiating particles. This decrease of s(r) around 300 m has
been noticed in Akeno [5] and in Kascade-Grande [11].

Such a behaviour is also confirmed experimentally in figure
1(Right) of Kascade report [12]: this figure exhibits a max-
imal deficit at 50-80m in the ratio of measured and fitted
electron densities, as well as an excess at large distances
when fitting with NKG formula. Here we have compared
the radial variation of local age obtained out of the simu-
lated data for proton and iron primaries with those obtained
from the experimentally measured density distribution data
of KASCADE in figure 2.

5 The correlation of shower age parameter
with other EAS observables

To explore the physical nature associated with lateral
shower parameter, if any, we study some characteristics of
shower age. We consider local age at two different condi-
tions, the minimum value of local age that corresponds to
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Figure 1: Left: Local age parameter obtained from simulated data as a function of radial distance for proton and Fe
primaries at Akeno site at energy ��

�� eV; Right: The radial variation of local age obtained from the KASCADE observed
lateral distribution data.

local age at about radial distance 50 m and a some sort of
average between 50 m to 200 m.

The variation of local shower age with shower size for the
zenith angle interval (�� - ���) is presented in figure 2 for
KASCADE location. It is noticed that the local age de-
creases with shower size but the rate of decrease slows
down at higher shower size. With increasing primary en-
ergy i.e. with increasing shower size showers penetrate
deeper into the atmosphere resulting in steeper lateral dis-
tribution indicated by the smaller lateral shower age param-
eter. The simulation results show that showers induced by
heavier primaries are older compared to those generated by
light primaries. When the simulation results are compared
with the experimental data, the KASCADE observations
indicate for a change in mass composition towards heavier
nuclei around the knee.

The fluctuations (variance) of local shower age in different
shower size bins are estimated and the shower age fluctua-
tions as a function of shower size are drawn in figure 3 for
proton and iron primaries. It is found that at higher energies
fluctuations in local shower age is larger for proton initiated
showers in compare to those initiated by primary Fe which
is in accordance to the predictions of early works [13] but
at lower energies a reverse trend has been noticed. In fig-
ures 4 we plot the 3-dimensional curve between average
local shower age at a radial distance about 40 m (minimum
value), average shower size and mean muon size obtained
from simulation results for both proton and iron primaries
at Akeno and KASCADE location. The corresponding ob-
servational results of the Akeno and KASCADE experi-
ments are also shown. For the Akeno experimental data we
extract the minimum local age for different shower sizes
from a paper [5] whereas the mean muon content corre-
sponding to those shower sizes are obtained from reference.
In the case of KASCADE data, we estimated local age from
their measured lateral distribution and corresponding muon
size are extracted from the�� ���� curve.

The comparison of simulated results with experimental ob-
servation from both the Akeno and KASCADE EAS exper-
iments (figure 4) indicate for a change in primary compo-
sition towards heavier primary as energy increases across
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Figure 2: Variation of local age with shower size.
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Figure 3: Fluctuation of shower age as a function of shower
size.

the knee of the primary energy spectrum. The KASCADE
group also reached at the similar conclusion using slope
parameter instead of shower age.

6 Conclusions

The present analysis sugests that the local age parameter
offers a good solution toward unambiguous estimation of
shower age parameter. Since the local age parameter is
found to vary with radial distance, comparison of age pa-
rameters obtained by different EAS experimental groups is
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Figure 4: 3-Dimensional plot between shower size, muon size and lateral shower age for proton and Fe primaries at Akeno
and KASCADE locations.

difficult as the radius of the shower disc differ from experi-
ment to experiment. Local age at a particular distance (say
at the position of minimum i.e. around core distance 40 m)
is however, problematic owing to the large fluctuation of
electron density data in EAS in a real measurement. We,
therefore, propose to take some sort of average local age
between the first minimum at around core distance of 40 m
and the subsequent local maximum at around 300 m.

The local shower age takes higher value for iron initiated
showers in compare to that of proton initiated showers
which means that lateral distribution of electrons for iron
initiated EAS is flatter relative to that of proton initiated
EAS. The slope of lateral shower age versus atmospheric
depth curve is, however, more or less the same for proton
and iron initiated EAS.

The fluctuation of local/lateral shower age parameter has
been found quite sensitive to the nature of primary par-
ticle. However, the level uncertainty in determining lat-
eral shower age, particularly in experiments, is comparable
with the magnitude of fluctuation and hence deriving any
firm conclusion on the nature of primary from the study of
fluctuation of lateral shower age alone is difficult.

For the study of primary composition the 3-dimensional
plot of shower size versus muon size and shower age seems
to offer better accuracy in compare to the more conven-
tional approach of implementing it through the shower size
versus muon size curve. It would be an interesting task to
apply such 3-dimensional plot to obtain the composition
of primary cosmic rays using observed EAS data from a
closely packed air shower array with the facility of concur-
rent muon measurements such as the GRAPES experiment
at Ooty [14].

Theoretically the total muon content in an EAS is a strong
mass sensitive parameter. However, it is revealed from
many experimental studies that it is not always possible
to extract proper information on primary mass from the
muon content alone. This is mainly due to the limited
muon detection area in a real EAS experiment and EAS
fluctuations. The present findings suggest that simultane-
ous study of magnitude of lateral age, its fluctuation and
the 3-dimensional variation of the parameter with electron

and muon content of EAS may assist to extract the nature
of the shower initiating particle with a better accuracy.
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