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Abstract: In this paper we present a study about the possibility toaieteutrino induced extensive
air showers at the Pierre Auger Observatory. The Monte Ganhulations performed take into account
the details of the neutrino propagation inside the Earth,din as well as the surrounding mountains,
which are modelled by a digital elevation map. Details ong@esitivity with respect to the incoming
direction as well as the aperture, the acceptance and tiletmtervable event rates, on the basis of various
assumptions of the incoming neutrino flux, and an upper liariultra high energy neutrinos, above 0.1
EeV, are given.

Introduction and method 7 lepton decay, an extended version of the AN
code was used [2]. First, for a fixed energy of t
The Pierre Auger Observatory has the capability tau neutrinos, 200.000 events were generated \
to detect neutrino induced showers. Especially, if a zenith angle in the range betwe#? — 95° and
av, interacts close to the Earth’s surface, the so— azimuth between)° — 360° at the top of the at-
called Earth skimming neutrinos, it can produce a mosphere. Then tau neutrinos are propagate
tau lepton which can emerge from the Earth, de- the detector in small steps. At each step of pr
cay and produce extended air showers. If the de- agation the probability of a-; nucleon interac-
cay vertex of a tau lepton is close enough to the tion is calculated according to the parameteri;
surface array, it can be detected and distinguishedtion of the cross section based on the CTEQS
from very inclined showers induced by a proton or parton distribution function. The propagation
nuclei due to the presence of the electromagnetic tau leptons through the Earth was simulated w
component. As shown in Fig. 1A, the Southern the energy loss model (continuous energy loss
site (SO) is surrounded by a large amount of rock proach) given by Dutta et al. in Ref. [4}(E;) =
(the Andes mountains). This is the natural target 1.2 x 107% + 0.16 x 10~5In(E,/10'%) cm?g~".
for Earth skimming neutrinos which leads to a sig- The factor3 parameterizes the lepton energy
nificant enhancement of the tau lepton flux with re- loss through bremsstrahlung, pair production, &
spect to calculations done with the simple spheri- photonuclear interactions. The computations w
cal model of the Earth. In case of the Northern site done by using digital elevation maps (DEM) [:
(NO) the mountains which might enhance the tau and then they were repeated by using the sph
lepton flux are far away, Fig. 1B, so that the in- cal model of the Earth (SP), with its radius set
fluence of the mountains is not very pronounced. 6371 km (sea level). As a result, the flux of tl
However due to a larger area of the detector (the emergingr leptons, i.e. the energy and the dec
planned area is about 3.5 times larger than SO) the vertex position, was calculated inside a given (
rate is supposed to be about three times larger thantector volume. For the Southern site the geome
the one for the Southern site. In order to simulate cal size of the detector was seti0x 60 x 10 km?
the neutrino propagation through the Earth and the and the detector was positioned at 1430 m ab
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Figure 1: (A) Topography of the Southern site according tdARSCSI data [1]. The center of the ma
corresponds to the center of the Auger array (latitide = 35.25° S, longitude\yo = 69.25° W); (B)
Topography of the Northern site where the center of the magesponds tapyo = 37.75° N, Ayo =
102.75° W. The Southern and Northern site positions are marked byckeci

sea level. For the Northern site the geometrical ber of expected events) on basis of three neuti
size of the detector was set160 x 100 x 10 km?3 fluxes, shown in Fig. 2D, are calculated accordi
at 1300 m above sea level. A DEM with resolu- to N = AT x f}f:" A(E,) x ®(E,) x dE where
tion of 500(5000) m was used for the NO(SO). In ¢ (£, ) is the isotropic neutrino flux and\T the
case of the computations with the simple spheri- gpservation time.

cal model of the Earth, the same size of the de-

tector was assumed, but with the position of the

detector set to 10 m above sea level. In order Results

to calculate the acceptance, the trigger efficiency

Tesf(Er, h1o) shown in Fig. 2B according to the In Fig. 2A the calculated aperture and accepta
results obtained in Ref. [5], was used. The param- are shown for a threshold energy of the detectol
eter, h1g, corresponds to the height of the shower E. > 0.1 EeV. In case of the Southern site the tv
at 10 km from the tau decay point. In this work the computations with the DEM and SP show clear ¢
acceptance for a given initial neutrino eneiigy is ferences: for example, at the energy of 0.3 EeV,
given by DEM calculations lead to an aperture of about 1(
larger than the one obtained with the SP calct

N, No,g . .
a1 . tion, and to an aperture about 2 times larger at
A(Ey) = Ngen z; 221 P.i(Ey, By, 0) energy of 10 EeV. In other words the effect on t
i=1 j=

aperture is energy dependent and it increases
XTers(Bryhio) x A;(0) x AQ, (1) increasing the energy of the initial neutrino. Tl
where N,.,, is the number of generated neutrino observed differences are due to the increase of

eventS,NT is the number of emerging |ept0ns neutrino cross section with energy. The initial ne
from the Earth with energy/ larger than thresh-  trino interacts with the mountains surrounding t
old energy of the detectoi,) for which the de- ~ Auger site and producesralepton. For higher en-
cay vertex position is above ground and inside the €rgies of the initial neutrino, the produced lept
detector volumeN, , is the number of tau leptons in the mountains can reach the detector from lar
coming from a given direction inside the detec- distances. In case of the Northern site the cal
tor volume,P(E,, E., 6) is the probability that a  lated aperture Wlth the DEM is almos'g the sar
neutrino with energyE,, crossing the distancaZ, s the aperture with the SP computations. O
would produce a lepton with an energy (this for initial neutrino energies larger than a few Ee
is the space angle. In case of aperture calculations/arger values for the aperture, within 10%, than t
the Eq. (1) was used, but th (E,, hio) was SP computations. In case of the acceptance ce
set to 1. Finally the total observable rates (num- lations, Fig. 2C, the observed differences betwt
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Figure 2. (A) The effective aperture for the Pierre Auger &vatory. Here the computations includir
the topography of the Auger site (DEM) and with the simpleestal model of the Earth (SP), are show
(B) The trigger efficiency (including the muon decay chapasla function of the heiglit; o, see Ref. [5]
for more details; (C) The effective acceptance for the RBid&uger Observatory; (D) Tau neutrino and an
neutrino fluxes from different theoretical models. In aditthe flux limit at 90% C.L. (thick black line]
for E~2 flux of tau neutrino is shown for one year of operation.

DEM and SP computation are smaller. This is due based on our acceptance and aperture calc
to the fact that the energy and the zenith angle dis- tion, are listed. The WB rate is obtained for ti
tribution of the emerging leptons are differentin ~ Waxman-Bahcall bound [6]®(E,_t5,) = 1 X

case of the DEM and SP calculations. Thus, even 10 8E~2 (GeV s™! cm~2 sr-!). Other rates are
if we use the same trigger probability presented in calculated for the GZK [7] flux and Topologic:
Fig. 2B, the capability to detect neutrino induced Defects (TD) [8]. The GZK flux refers to the po:
showers is not the same in the case of DEM and sible scenario of cosmogenic neutrinos, which
SP calculations and this effect levels out the dif- those produced from an initial flux of UHE prc
ferences seen in the aperture. Indeed we have totons. The TD case is an example of exotic moc
notice that the acceptance for the Northern site is To quantify the influence of the topography of tl
biased by the assumption of the same trigger effi- Auger Observatory on the calculated rate, we 1
ciency as the one for the Southern site. In case of fine the factotk = (Npgy — Nsp)/Nsp, where
the Northern site the larger spacing of surfaces de- Npg s is the rate calculated with the DEM ar
tectors as compared to the Southern site is planned.Nsp the one calculated with the spherical moc
Since the area of the Northern site is not flat, there of the Earth. As one can see from Tab. 1 the rz
are many small hills, which can "shadow” tanks, so for the Southern site are about 50% larger, in Ci
that the expected efficiency will be rather smaller of our aperture calculations, and about 20% larg
than the one for the Southern site. in case of our acceptance calculations, than the

In Tab. 1 the rate (number of events per year) calculated with the simple spherical model of t
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WB GZK TD
Npem  Nsp k Npem  Nsp k Npem  Nsp k
or) ) (%) o) ) (%) o) ) (%)
Naper SO 3.39 2.27 56 4.85 3.27 43 24.8 16.20 53
NO 8.22 7.72 6 11.80 11.10 7 58.94 54.95 7
Nace SO 0.21 0.18 17 0.33 0.28 18 1.80 1.46 23
NO 0.59 0.58 2 0.97 0.95 2 5.05 4.93 2

Table 1: Expected event rate in {y) for the Southern (SO) and the Northern (NO) site based ortaee
(N aper) and acceptance calculatiom$ {..). The precision on the listed values is abd%.

are about 7% and 2% larger than the rate for the [2] D. Goéra, M. Roth and A. Tamburro, As
SP computations, in case of our aperture and the tropart. Phys. 26 (2007) 402.

acceptance calculations, respectively. [3] H. Lai, et al., hep-ph/9903282.
Finally as an exercise the limit for an injected spec-  [4] S.I. Dutta et al.,, Phys. Rev. D72 (200!
trum K * ®(E) with a known shap@(E) oc E~2 013005.

is calculated using the same method as the one [5] O. Blanch and P. Billoir, GAP-2005-017.
applied to the Auger data [9]. The 90% C.L. on [6] J.N. Bahcall, E. Waxman, Phys. Rev. D ¢
the value of K according to Ref. [10] ig<ggy, = (2001) 0230002.

2.44/Nw . Assuming a negligible background, [7] R. Engel, D. Seckel, T. Stanev, Phys. Rev.
zero neutrino events have been observed by the 64 (2001) 093010.

Auger Observatory. In such a case the upper [8] P.Bhattacharjee and G. Sigl, Phys. Rept. ¢

limit for tau neutrinos isl.2 + 0.6 x 10~7 GeV (2000) 109.

km~2yr—1sr-!, where the uncertainty is coming [9] O. Blanch [Pierre Auger Collaboration] thes
from the poor knowledge of the cross-section, proceedings, (2007) #0603.

the tau lepton energy loss and the tau lepton polar- [10] G.J. Feldman and R.D. Cousins, Phys. R
ization. This limit is valid in the energy range from D 57 (1998) 3873.

0.1 EeV up to about 10 EeV, where the 90% of the
expected events are located.

To conclude, in this work we show a study about
the possibility to detect neutrino induced extensive
air showers at the Pierre Auger Observatory tak-
ing into account the actual topography of the Auger
Observatory. We find an enhancement (about 20%
wrt a spherical Earth) on the neutrino rate for skim-
ming tau neutrinos for the Southern site. In addi-
tion our calculated limit, proves the sensitivity of
the Auger Observatory to GZK neutrinos.
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