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Abstract: A possible signature of a neutrino-induced air shower is a-herizontal event developing
very deeply in the atmosphere at depths exceeding a fewahdugcmi. Making use of high-statistics
shower libraries we study the background to such events frigin-energy muons produced in primary
proton events, which may propagate deeply into the atmasgiefore initiating a subcascade. The rates
of background events are compared with various flux modelstaf-high energy neutrino production.
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The Pierre Auger Observatory is one of the detec-
tors able to detect neutrino showers and, in the rel-
evant energy range, Auger is equivalent to tens of
km? of water. The detection of neutrinos is not the

main aim of the Auger Observatory, but it can be

considered as a very rich by-product for many rea-
sons. We are investigating if we can extractsig-

nal above the hadronic background. If no signal is Figure 1: "Old“ and "young* cosmic rays shower
observed, this will put severe constraints on mod-

els which predict high-energy neutrino production.

Why are we interested in neutrinos? Mainly be- clined showers produced by neutrinos is mai
cause: 1) The reconstructet directions should  due to showers induced by protons and nuclei. -
point directly to the source, with the intrinsic an-  first ones are expected to develop high in the
gular precision of the detector. 2) The existence mosphere so that when the shower front reac
of detectable fluxes of neutrinos with energies in ground level it has very different properties fro
excess ofl0'® eV is in principle one of the signa-  ‘ordinary’ showers that are observed in the v
tures of Topological Defect theories. 3) Ataround tical direction. They are called “old showers
10'7 eV we are close to the highest energies ac- Deep-inclined showers induced by neutrinos c
cessible to the large future neutrino telescopesanddevelop close to ground level so that their shov
give some indications on the validity of the models front looks like a typical vertical proton cosmic ra
used in the design of such projects. shower. Another type of background to incline
Above10' eV the Earth becomes opaquetand  showers induced by is given by deep showers ir
only down-going or Earth-skimming EeV neutri- duced otherwise.

nos can be detected. The challenge lies in the iden-The electromagnetic part of cosmic ray show:
tification of these showers in the background of gets practically absorbed in the first 2000 gfct
down-going cosmic rays and atmospheric muons. and, to a very good approximation, only muo
Inclined showers in the atmosphere are expectedgenerated in highly inclined showers reach t
to play a crucial role for the detection of EeV neu- ground. The lower energy muons actually decay
trinos. The background for the detection of in- flight and can contribute a small electromagne
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component that follows closely that of the muons. interaction length of the particle and is calculat
As aresult, the average energy of the muons reach-in terms of the particle rest energyc?, the mean
ing ground increases rapidly as the zenith angle in- life = and, by adopting the isothermal atmosph:
creases. The shower front that reaches ground level

for inclined showers is very different from verti- y . y . .

cal showers. Most of the inclined shower fronts Table 1 The prompt and "conventional” muo
practically only contain energetic muons and their flux generated in air showers.

density patterns have lost the cylindrical symmetry ~ The charm contribution gives the "prompt* flux
because of the Earth’s magnetic field which is sep- ~ particle  Struct.  ¢r e (GeVYV %@

arating the negative muons from the positive ones, DV, D~ ¢d,éd 317um 3.8.-107 17.2
in inverse proportion to their energy. D°,D°  cu,eu  124um 9.6-10" 6.8
Df,D;y c¢s,és  149um 85-10" 5.2
AY udc 62 um 24-108 45
g‘ow‘ 7 and K contribution gives the "conventional® flux
©10% /\ N mt,n  ud,ad 7.8m 115 100
109 A FD threshold KT, K~ w3, us 3.7m 855 63.5
ok A° uds  79cm  9.0-10° 0.1
E o lepton 659 m 1.0 100

108

(1) According tos., with h, = 6.4 km.
(2) For inclusive decays yielding leptons.

approximation, a scale constaiy, so we obtain:
€c = 2= ho.

Comparing the critical energies we find that abc

1-10 TeV, the semileptonic decay of very she

10 2000 4000 6000 000 1000012000 14000 1600015000 lived charmed particles (mainly D-mesons a

Slant depth g/cm? A -hyperons) is the dominant source. These ¢

stitute the so called "prompt” flux, while the lo

Figure 2: Example of light curves for individual energy products (from pions and kaons) are giv

muons which may be produced in a proton induced the "conventional” flux. The main contribution fc

shower atl0' eV andd = 87°. the prompt flux comes fro® — K + p + v and

A= Ao+ p+v.

Different muon’s behavior in a shower Estimation of event rates

. . Several groups were investigating the prompt fli
For a better understanding of the muon behavior, and the debate over the years provided us sev

in'dki1vi(:]ual muon inducgd shzwersdwere 'glgebr}erlated models. We are taking into account three of the
V.V't t € CORSIKA co € and made available in a including the extremes. The flux estimations ve
I!brary |n.WuppertaI University. Thg shower.par- by several orders of magnitude due to differe
t!cle prqﬂles and the energy deposits were INVES" models used to calculate the charm cross sec
tigated in order to check if there are events which and energy spectra. This huge model depende

exceed the threshold given by the quor.escence de-iS due to the need to extrapolate charm producf
tector (FD). Such cases would be considered baCk'data obtained at accelerator energies, which

ground events. several orders of magnitude below the relevant ¢
The source of this potential neutrino background mic rays collisions. The most conservative mot
changes with the energy, in function of the critical was studied in several papers based on Thunmz
energye. of the parent particle. The critical en-  al. [1](TIG), using state-of-the-art models to sir
ergy delimits the competition between decay and ylate charm particle production through perturt

1484



30TH INTERNATIONAL CosMIC RAY CONFERENCE

tive QCD processes in high energy hadron-hadron B f0T=0 =
interactions, and investigations of a possible non- -
perturbative mechanism for the case of an intrinsic
charm quark component in the nucleon. The next %
model considered is Gondolo et al. [2](GGV) and

it is considered an improvement of the TIG values,
being compatible with the results from Pasquali et

al. [3] which used a complementary analysis. They
used higher K factors for the parton distribution
functions (PDF’s) as function of energy, making a

full simulation of the cascades, while PRS used ap-
proximative analytic solution to the cascade equa- Figure 3: The interaction should take place in t
tions in the air. The most exotic model we took sensitive area of Auger.

into account is the one presented by Zas et al.
[4] (ZHV), which pushes the charm production to
10%, thus obtaining a very high charm flux. Each
paper cited here used several parameters and methhei ht
ods, obtaining results which may differ by 2 orders g_ ) .

of magnitude. However, in our interval of inter- 1 he integral promptmuon flux in our energy ran
est, we chose, for a simple estimate, the following (in GeV) [ de,, is [, %dEu- We denote
values of theE3-weighted-flux of the muong,:

for TIG, 1072, for GGV, 103 and for ZHV, 101 dNy,

GeVB/cm?-srs. b / a2 / de dtdQde, ¢ 2)

All the prompt fluxes presented here are vertical

fluxes. At the energies 10'6 eV, the horizontal

flux has a slower cutoff than the vertical one, and, 2 4Py (ime)

in our interval, we assume that the horizontal flux C/dALPmm_mt/ — T (@i )l
l

is 10 times higher than the vertical one, using the 1 dint 3)

estlmatlgns given by Martin et al in [5]. _ wherep(wimg )dl = dasn: andA | is the transversa
The estimate of the rate of the potential back- zrea for the line elements of the trajectories ins
grounds for the neutrino showers detected by the considered volume.

Auger is given bydN,, /dt in the following form:

10 km

a symbolic Auger volume is shown, for a 10 k

anddN,, /dt becomes:

For the caser;,; — r1 < A,y We can approx-
ZTint —T1

imatee™ rimt ~ 1 and, for the moment, we

dN, i i
D/dQ/de# dtdQéie /dV % Proon_int % Pint dod)r;ot include th(iinergy loss. We consiges
iz v Xv = Xge ™0 [ pdl = z and we get

(1) dh >
The background light introduces a duty cycle AN 1 X1
which limits its acceptance both for cosmic ray and [ C/dA dX v (4)
neutrino detection. In this equation we take into dt int JX2

account the duty cycle D for the Auger fluores- with 7,=8.4 km andX,=1030 g/cn and 4, the
cence detector, considered to be’10The solid fiducial surface of Auger South.
angle in which the considered showers may arrive Mauger = fdAf dXv = 1.64.10'° tons is the

360° .
is soo o sin(0)dfdo mass of the air above the Auger South surface
We consider events only with the interaction in a layer of 10 km thickness. The interaction leng

the sensitive volume. The probability for this is \;,; = # is calculated usingn;,-=14.54
p—air

givenbyP;,,; =1 —e” S7r while the one to en- g/mol, N, = 6.023 - 10** mol~! and the cross
ter the volume without interaction iB,,o,,—int = sectionaﬂ_air, taken from the CORSIKA simula
tions.

] —x

— 0 . . .
e int ,Withx1, zg andz, asin the figure, where
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Results two considered models, the predicted backgrol
rates are sufficiently low, opening an interesti

Table 2 summarises the results of the calculated window to study high energy neutrinos with Auge

event rates according to previous section. The

While the present estimate was performed for |

FD, further sensitivity ta/'s is provided by the sur-

face array of Auger Observatory.

Another possible background source would

Table 2: Possible FD background from HE muon-
induced showers (events/year).

0 TIG [1] GGV [2] ZHV[4] photon induced showers which due to the LPM
80° —90° 1.4-10"° 1.4-1073 0.14 fect develop very deep in the atmosphere. Rele
60° — 90° 4.10-7 4.10-3 0.4 investigations are ongoing.
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