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Preliminary results from a full 3-D calculation of atmospheric neutrino fluxes using the FLUKA interaction 
model are presented and compared to previous existing calculations. This effort is motivated mainly by the 3-D 
capability and the satisfactory degree of accuracy of the hadron-nucleus models embedded in the FLUKA code. 
Here we show examples of benchmarking tests of the model with cosmic ray experiment results. A comparison of 
our calculation of the atmospheric neutrino flux with that of the Bartol group, for E, > 1 GeV, is presented. 

1. Introduction 

Atmospheric neutrino flux calculations are af- 
fected by the following main sources of uncertain- 
ties: knowledge of primary cosmic spectra, their 
solar modulation and geomagnetic field effects, 
which are relevant for E, 5 10 GeV; hadronic in- 
teraction models and their consequences in the 
calculation of secondary particle production in 
the atmosphere. 

The FLUKA Monte Carlo code [l] contains 
very detailed models of hadron-hadron and 
hadron-nucleus interactions, covering the range 
from the MeV scale to the many-TeV one and ex- 
tensive benchmarking against experimental data 
has been produced. Moreover, so far there is no 
full 3-D atmospheric neutrino calculation per- 
formed with a refined interaction model. Al- 
though no fundamental change is expected from 
this new calculation, the improvement in the 
quality and precision of predictions would be sig- 
nificant for future generation experiments as, for 
instance, Icarus at Gran Sasso[2]. 

2. The interaction model 

Different hadronic interaction models are used 
in FLUKA according to the energy range. In its 
actual configuration, for incident particle energy 
below 3 GeV a cascade pre-equilibrium model 
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(PEANUT) is used. Between 3 and 4 GeV, in- 
elastic hadron-hadron collisions are treated ac- 
cording to HADRIN model [3], with a parameter- 
ized intranuclear cascade. For energies > 5 GeV, 
interactions are simulated according to a refined 
version of the Dual Parton Model [4]. 

3. Calculation set-up 

The main ingredients of the atmospheric 
shower calculation are: the primary spectra, 
which are obtained from a NASA code[5] and 
the superposition model for primary nuclei; the 
interplanetary modulation according to the ac- 
tual solar activity for a given day; the vertical 
rigidities from a NASA compilation interpolated 
in the Stormer dipole approximation. The super- 
position model and the treatment of the geomag- 
netic cutoff will be improved in the next future. 
The atmosphere (as a proper mixture of N, 0 
and Ar) has been divided in 50 layers of differ- 
ent density, according to a parameterization of 
the standard atmosphere, down to - 0.1 g/cm2 
(- 70 km a.s.1.). Primaries can be injected ei- 
ther at the top of the atmosphere, using an a 
priori geomagnetic modulated spectrum, or at a 
distance of several Earth radii. The fluxes of vari- 
ous secondary particles can be scored at different 
heights in the atmosphere and at different geo- 
magnetic locations. This allows us to benchmark 
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Figure 1. Comparison of FLUKA calculation 
(histogram) of double differential muon fluxes as 
a function of momentum and zenith angle at sea 
level, with the data collected by DEIS[G] (circles). 
Only a few angular bins are shown for clarity. 

our model with respect to the existing data on the 
detection of charged and neutral particle in at- 
mosphere. Of particular interest are the data on 
atmospheric muons. As an example, we show in 
Fig. 1 part of the comparison of FLUKA calcula- 
tion with the double differential muon fluxes mea- 
sured by the DEIS spectrometer[6], at sea level, 
near the horizontal direction. A further impor- 
tant comparison is that with the negative muon 
flux measurements at various heights in the at- 
mosphere performed by the MASS experiment[7]. 
In Fig.2 we show the result of this comparison at 
three heights (9.8, 169 and 710 g/cm’), with dif- 
ferent scale factors. Extensive benchmarking will 
give the clue to a proper evaluation of the sys- 
tematic error in the prediction of u flux. 

4. The Y spectrum 

We have performed a direct comparison (for 
E,, 2 1 GeV) of the FLUKA results concerning 
the neutrino fluxes with an existing and widely 
used calculation by the Bartol group[8]. They 
have performed a 1-D Monte Carlo simulation 

10-S 

IO0 IO' 
p, b CGeV/cl 

m 

Figure 2. Comparison of negative muon fluxes 
at different heights in the atmosphere between 
MASS data (circles) [7] measurement and our cal- 
culations (histogram) Only 3 data sets are shown 
for clarity. 

using the TARGET interaction model. This is 
mainly a parameterization of accelerator data for 
hadron-nucleus collisions. We have compared 
secondary hadron multiplicity and their ZF distri- 
butions as predicted by the two models in proton- 
Air collisions. TARGET and FLUKA provide 
similar results for pions, but there are noticeable 
differences on K production. In particular, TAR- 
GET predicts a strong enhancement of K+ pro- 
duction in the forward region, while a relative de- 
pletion in the same kinematic region appears for 
K-. This is relevant for the v~/C,, at high energy. 
The FLUKA predictions at high ZF, for light nu- 
clear targets, seem to give a reasonable account of 
the data taken by the NA56/SPY experiment[9]. 

For the flux comparison, the same primary in- 
put spectrum of Bartol has been used[lO]. In 
Fig. 3 the muon and electron neutrino fluxes aver- 
aged over the solid angle are compared to Agrawal 
et al.[8]. The results of HKHM [ll] are shown as 
well, although they use a different input primary 
spectrum. The main difference among the three 
calculations is in the E, < 10 GeV region. Our 
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Table 1 
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FLUKA/BARTOL ratios of the muon and electron v fluxes , of Y/v, and of ve/vcr for cos 0=1. 

1- 

up + v/.4 ve + ve WP tie/l& -=p- 
“r-+3% 

0.4-l GeV l-2 GeV 2-3 GeV 0.4-l GeV l-2 GeV 2-3 GeV 0.4 2 E, 5 1 Gel/ 
0.86 0.84 0.89 0.83 0.80 0.84 1.02 0.94 0.98 

result predicts an harder spectrum and a lower 
total neutrino flux in that region. The compari- 
son of some significant numbers is given in Tab. 1 
for the vertical direction (cosfl = 1). At present 
we are investigating the precise origin of this dif- 
ference. At energies exceeding a few GeV we do 
not expect significative differences deriving from 
a 3-D calculation. 
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Figure 3. Muon and electron neutrino fluxes 
x E2.75 averaged over solid angle from the present 
calculation compared to Bartol[8] and to HKHM 

WI ones. 


