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Abstract. The atmospheric neutrino-induced upward muon
flux are calculated by using the multi-component primary en-

. . s~ 1
ergy spectrum, CORSIKA EAS simulation code for the re- 5§
production of the atmospheric neutrino spectra and improved E

parton model for charged-current cross sections. The results ~

. o]
are obtained a0 —10° GeV muon energy range afd-89° Bz
zenith angular range. o
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Neutrino-induced upward muon flux are both the direct trans-

mitters of information about neutrino flux from energetic as-

trophysical sources (binary stars, AGN) and direct posterity

of atmospheric very high energy neutrino. These problems

are being investigated in many modern experiments (see re-

view (Gaisser et al., 1995)) and as a rule, the upward muon T Y T T

flux of atmospheric origin is considered in the capacity of the 1 10 10° 100 10°

background flux. Primary energy E, (TeV)

Here, on the basis of multi-component model of primary cos-

mic rays (Biermann, 1993), QGSJET model of high energyFig. 1. Primary energy spectra according to 2-component origin of

A — Ay, interactions (Kalmykov and Ostapchenko, 1993) cosmic rays. The hatch area contains (Ter-Antonyan and Haroyan,

and parton model predictions of charged-current cross sec2000), DICE (Swordy et al., 2000), and CASA-BLANCA (Fowler

tions (Quigg et al., 1986) we evaluated the expected back®! al-» 2000) data.

ground upward muon energy spectra at different zenith an-

gles and studied,, — £, 7) and (£, — Ey) correlations. dE, /tmax %a—wdt
O0E, ot

(1)
tmin

where:

dSS/E 4 - is the primary energy spectrum of the nucleljs

Upward muon differential energy spectra close to Earth sur9/ (Ea; 4,0)/9E¢ is the atmospheric neutring € v,,) and

face at different zenith angleg)(can be represented as fol- @nti-neutrino { = v,,) energy spectrum at the primary nu-
cleusA with E 4 energy and zenith angle;

2 Method of calculations

lows: 0G¢(t, E¢)/OE, is the neutrino-induced muon energy spec-
OF(0) Emaz 4% Ea pf trum at observation level (close to the Earth surface) at the
OE, = Z/E , EdEA _Zﬁ /E OE: given neutrino energy, » and deptht of muon production
A Tom SR in the Earth;
Correspondence tdS. V. Ter-Antonyan OW (E¢, E,)/0t is a probability of charged-current interac-

(samvel@jerewanl.yerphi.am) tion att depth of the Earth matter.
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Fig. 2. Atmospheric neutrino (symbols) and anti-neutrino (lines) energy spectra at different primary proton dnergyy() at zenith
anglesd = 0° (left) andd = 89° (right).

Energy spectra of primary nucleA(= 1 — 59) according  1993) and” is the charge of nucleus.
to the multi-component model of primary cosmic ray origin The values of spectral parameters from (2-4) are:
(Biermann, 1993) are presented in 2-component form (see; = 2.78, 72 = 2.65, 73 = 3.28, Ryspy =~ 200 TV,

Fig.1): Rgw ~ 2000 TV and the fraction of each component:

P i3, 641 =1—0642,042 = (2ZRrspr) 27740 atya_y o =
= P, a0 2 2.75and = 2.66 (Wiebel-Sooth and Biermann, 1998
9E4 A( 4, 1dE oa2gE ) @) TA>1,0 ( )

is obtained by normalization of (2-4) with approximation of
where the first component (ISM) is derived from the explo- balloon and satellite data (Wiebel-Sooth and Biermann, 1998)
sions of normal supernova into an interstellar medium withat £ = 1 TeV andx? minimization of KASCADE (Classtet-

expected rigidity-dependent power law spectra ter etal., 1999) and ANI (Chilingaryan et al., 1999) EAS size
spectra with the expected ones using 2-component represen-

dsy { E,™ : Ea<Eisu 3) tation (2-4) (Ter-Antonyan and Biermann, 2001).

dE4, | 0 : Ea>Ersym Values of primary energy limits in the expression (1) are cho-

senE,i, = 2E, andE,,., = 10° GeV. The expected pri-
l?hary energy spectra for different nuclei, all-particle and nu-
cleon energy spectra by 2-component model are shown in
the Fig. 1. A contribution of the third primary extra-galactic
Sy { B . B4 < Esw @ component is ignored.
dFE 4 EE{/YVZ(EA/ESI/V)_’YS : Ea> Esw

and the second component (SW) is a result of the explosion
of stars into their former stellar winds with expected rigidity-
dependent power law spectra

Atmospheric neutrino (anti-neutrino) energy spectra
where® 4 is a scale factork] in TeV units) from approxima-  0f(Ea, A,0)/0E, at given sixA group @ = 1, 4, 12,
tions (Wiebel-Sooth and Biermann, 1998), 16, 28, 56) and E4 = 3.16 - 102,10%,...10° GeV, § =
Ersye = Risy - Z and Esyy = Rgw - Z are the cor-  0,30,60,89° parameters of primary nuclei were calculated
responding rigidity-dependent critical energies (Biermann,in the framework of QGSJET interaction model (Kalmykov
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Fig. 3. Atmospheric neutrino-induced upward muon differential en- Fig. 4. Integral upward muon energy spectra. The data (Gaisser et
ergy spectra. al., 1995) obtained at0.3 < cos < 0.3.

and Ostapchenko, 1993) by CORSIKA562 EAS simulation 1995) determine muon energy losseslE, /dt = a + bE,,.
code (Heck et al., 1998). Intermediate values of tabulatedThe probability of charged-current interaction in expression
spectral data are evaluated by interpolation with preliminary(1) at given depth of the Earth matter has a form:
linearizations. It should be noted that the neutrino energy W

spectra depend only on primary nucleon eneigy (A) with —— = 0¢Naexp(—oeNat) (10)
accuracy< 5% in A = 1 — 56 range. ot

The atmospheric neutrino (anti-neutrino) energy spectra atvheres: = 0, 5(y < ymas) iS @ total charged-current cross
different primary proton energiess, = 3.16 - 10 — 10° section (7) andV 4 is the Avogadro number.

GeV) and zenith angle$ & 0°, 89°) are presented in Fig. 2. The depth limits of effectivey( < ymnmq.) Charged-current
Neutrino-induced muon energy spectra are determined as interactions in the Earth mattef) @re

8Gf _ 1 %e_bt (5) tmin == tm.am - L(Eéa E,u)v (11)
aE/L U&(y < Ymax) dYy Ee Zmax
where b (6) = /O plr(2))dz. (12)
do, L 92g
d—; = / 8x8£ydx , (6)  Herep(g/cm?) = 13.8 — 1.73 - 10~*r(cm) is our approxi-

Fmin mation of the Earth density at the radiys:,,.x = 2R cos 6,
e < ) = /ymax %d @) R = 6.371 - 108cm is the Earth radius,

o Oy L= (1/b)In[(a + bE¢)/(a + bE,,)] (13)

ando?c, /0xdy are corresponding inclusive charged-current
cross sections for the reaction (v,) + N — pt(u™)+
anything. Herg = v,,,v,,, z = Q*/2Mv andy = v/E¢ are
the scaling variableg)? is an invariant momentum transfer
between an incident neutrino and an outgoing muen; 3 Results
E¢ — E, is the energy loss in a laboratory fram¥, is the

is a rock thickness for muon detection with enefgyon the
Earth surface ag = 0.

nucleon massg,i, = 5 - 1076, Calculations of upward muon energy spectra according to ex-

. pression (1) are performed using numerical integration. The
Ymaz =1 — B,/ Ee, (8) charged-current cross section for muon production by neu-
Ef = (a+bE,) exp[b(tmax — t)]/b — a/b 9) trino was taken from the renormalization-group-improved par-

ton model (Quigg et al., 1986) with quark structure functions
is the muon energy in production poitit parameters, = for x > 10~* from (Eichen et al., 1984). We limited the
0.002 MeV-cm?/g andb = 4 - 1075 cm?/g (Gaisser et al., range ofx < 107* by z,,,;,, = 5- 10~ because the check of
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Correlations of muon energy at observation level (near the
Earth surface) with primary nucleon and parent-neutrino en-
ergies are shown in Fig. 5. Some irregularities of presented
— .0 data at very high energie&(, > 3+5-10° GeV) in Fig. 3-5

are explained by the insufficient simulation sampling for at-
e / mospheric neutrino energy spectra (fig. 2) at corresponding
energies and accuracies of multi-dimensional integrations.
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