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The particles deposit part or all their energy by ionizatibmir molecules and produce fluores-
cence radiation leaving a track of fluorescent light as tloeveln develops. A study on the number
of electrons of the shower development in several atmogplasters is addressed. We take into
account parameterizations for density, temperature antposition of each layer and we used
different formulations for the energy deposit and difféarereasurements for fluorescence yield
to evaluate their influence on the total number of photonkénshower axis as a function of the
slant depth.
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1. Introduction

Studies on the production of photons in the atmosphere by ionization pescesased by
charged particles from EAS (Extensive Air Showers) are stronglgi@gnt on the parameterized
forms of the Fluorescence Yiel&(Y). Kakimotoet al. and Naganet al. [fl], B] are some of the
most used. The energy deposiE(/dx) is callculated using Bethe-Bloch formula [3, 4] and further
corrections due to the polarization effects of the medium density (paradetde calculation
of the number of photons emitted per charged particled at the shower angsthl® longitudinal
development can be expressed as the dependence of the fluoesgiedthahus:

N, (h) = FIY (dE/dx(p), A, T)AX (h), (1.1)

and these calculations are dependent on the total number and avezegedadrelectrons produced
by the shower development along of the atmosphere.

This work presents a study of the development of the electrons along thepitare and an
analysis on the dependence of the number of the photons producedEs$haxis calculated for
two forms ofdE/dx and some of 1Y [H]. The showers were simulated with the CORSIKA[6]
program version 6617 using the hadronic model Sibyll Pl 1 [7]. The crero@mposition of the
primaries were chosen to be proton and iron with the energies fixed'fy 10/°, and 16° eV,
where 1000 events were simulated for each energy. The thinning fasstdrwas of 10° and the
zenith angles were sorted betweéra@d 60.

2. Number of electrons

The colors identify the chemical composition, blue for iron and red for pr,aiod the thick-
ness corresponds to the energy of the primary.

In figure[]1 we compare the number of electrons by depth for proton and\ie can see the
similarity in the number for each energy. The interesting is the fijure 2, relatior to the number
of electrons in function of depth, where the minimum of the curves are clothe tmaximum of
the shower reflecting the total number of the electrons in this level, and tpe siithe curves are
significantly dependent of the energy and yet can be related to the nfquieticle generation.

3. Average energy per electron

The average energy per particle is decreasing as a function of atmiasgéyeth, as we can
see in the figur] 3. This is expected during the development of the shBwethe fluctuation of
this number is larger for showers initiated by proton, and this is related to gegsition model
and the interaction mean free path. The relative errors, shown in Higare all dependent on the
primary energy and decreasing with respect to atmospheric depth.

4. Results- No of Photons

Taking the number of electrons and the average energy per electrachaiesel of gj/cn? in
atmospheric depth, we calculated the energy deposition using dE/dx bfl.and NIST [IP[F]
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Figure 1: Number of eletrons by level ofgicn? in atmospheric depth for energies'#010'°, and 16° ev.
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Figure 2: The Relative Error for the number of eletrons.

and hence the fluorescence yield for each particle from Kakimoto andniéagnd FIY Kakimoto,
Nagano, Keilhauer and Airfly extracted directly from Offlipd[11]. Tlesult is the number of
photons generated by each shower level in atmospheric depth. In thesflyand]6, the width
of the line is related with the standard deviation of the averagén(each step of the atmospheric
depth. The values af are around 0.5% for proton and 1% for iron. The difference on the eamb
of photons between the curve of Leo-Kakimoto and NIST-Nagano fatoprat 49%/cn? and for
iron at 42%/cn? is about 30%.
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Figure 3: The average energy per electron in atmospheric depth biglef/gg/cn.
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Figure 4: The Relative Error for the average energy.

5. Conclusions

We propagate all errors related to the number of electrons and the awarary per electron
and found an error related to the number of photons of about 0.5% up .tBL¥he number of
photons in the shower axis has a fluctuation of around 30% depending @otfibination of the
form of dE/dx and FIY. So this models has a very important influence in trenstction chain
for extensive air showers experiments.
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Figure 5: Number of photons calculated by different FIY faroton primaries.
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Figure 6: Number of photons calculated by different FIY foon primaries.
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