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In the last few years, speculations on a possible non perturbative behaviour in the 

electroweak sector of the standard model at energies above a threshold ~ ~ lv[w 

have appeared in the literature [1] . 

. -The behaviour essentially consists in the production of as many gauge and Higgs 
., . 

bosons as allowed by phase space with predicted partonic cross sections of the order 

of 10-33 - 10-29 cm2 • vVe want to estimate the possibility that muonic decays of the 

abundantly produced gauge bosons could contribute to some anomalies found at very 

high energy in cosmic rays, like the anomalous muon content in ultra high energy 

extensive air showers [2], or an excess of deep underground muons coming from the 

direction of Cygnus X-3, observed in the NUSEX, Soudan 1, and (recently) in the 

Soudan 2 underground experiments [3]. 

In this note we evaluate the rate of multi-VV events which could be detected by the 

full proposed N~STOR array [4] using several hypotheses for the cosmic neutrino flux 

and cross section. The estimate is necessarily very rough due to the large uncertainties 

in all the parameters that enter the calculation: 

• 	The cross section for neutrino-quark interactions is predicted to vary over a very 

wide range: 10-33 - 10-29 cm2• 

• 	The threshold above which the non perturbative behaviour sets in could vary 

from ~ :::: 2 TeV to about 20 TeV [1]. In the following analysis we have chosen 

a threshold corresponding to an incoming neutrino energy of 10 PeV (1016 eV). 

• A further very important source of uncertainty is the lack of a precise knowledge 

for the incoming neutrino intensity and spectrum at energies above 10 PeY. Here 

again the theoretical predictions are extremely model-dependent and vary over 

several orders of magnitude. 

According to Ref. [5] the integral neutrino flux at Ev > 10 PeV, 1,"(10 PeY), from 
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Active Galactic Nuclei (AGN) could be estimated as I'V 10-13 cm-2s-1sr-1. An­

other important neutrino source, the Bright Phase of Galaxy Evolution (BPGE), 

" 
can give 1v(10 PeV) I'V 10-15 cm-2s-1sr-1[see Ref. [6] for a review and Ref. [7] for 

different results]. In addition, there is not yet an agreement on the prediction
.",'> 

for the atmospheric neutrino flux (including the contribution due to the decay 

of charmed hadrons) at very high energies [8]. Vve have chosen for the estimate 

the two values of 1,,(10 PeV) quoted above, and we will neglect the atmospheric 

neutrino contribution. 

vVithin the given assumptions the number of neutrinos which produce muon-

bundles geometrically detectable in NESTOR, is 

3.6 X 103 y-l for AGN v's, 
lVv (E" > 10 PeV) ~ 

36 y-1 for BPGE v's.\ 

For the calculation of the rates, the partonic cross sections have been folded 

in with the proton structure functions following Ref. [9]. Then we have calculated 

the probability of detecting muon-bundles as a function of the zenith angle, 0, for 

different values of the cross section. For this purpose we have used the simplest 

parameterization for the muon energy loss, a + bEJJ. (with energy-independent a and 

b obtained from Ref. [10]), disregarding muon range straggling due to radiative and 

photonuclear interactions, which is therefore a supplementary (but comparatively 

small) source of uncertainty in the calculation of the event rates. 

The detection efficiency for muon-bundles decreases as a function of the cross 

section since for a high cross section neutrinos interact soon after entering the sea 

and the muons, with a typical energy EJJ. ~ 150 TeV cannot reach the detector with 

high probability. 

In table 1 we report the detection efficiency c for muon-bundles in NESTOR 

(we define muon-bundle an event with 2 or more muons reaching the detector), as a 
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function of the partonic cross section, (J'vq' It is important that € is a rather slowly 

varying function of CTvq within a very wide interval. 

Table 1 

O'vq (cm2
) € 

10-33 0.80 

10-31 0.73 

10-30 0.67 

10-29 0.48 

In fig. 1 the distribution of muon-bundle events expected in NESTOR during one 

year of exposure as a function of the cosine of the zenith angle for the two highest 

values of the partonic cross sections is given, for the case of AGN neutrinos. The 

figure shows that, due to the high partonic cross sections, only events above the 

horizon can reach the detector. 

If the incoming neutrino flux is sufficiently high (AGN v's), up to 100 events 

per year, could be detected within a zenith angle interval 70° :5 8 :5 80°, where we 

expect a negligible background from muon-bundles generated in hadronic cascades in 

the atmosphere. If the incoming neutrino flux is low (as in the case of the BPGE 

v's) we expect a few events during several years of NESTOR operation, but a more 

detailed analysis is in progress to see if it is possible to discriminate on kinematical 

grounds the characteristics of the even~s we are interested in, from the atmospheric 

muon-bundles. 

In conclusion we are confident that during a few years of operation of the full 

NESTOR array one could identify a non perturbative electroweak behaviour in ul­

tra high energy cosmic neutrino interactions, if it exists. Our results are in broad 

agreement with the more general analysis of Ref.[ll]. 

4 



REFERENCES 


[1] 	 A. Ringwald and C. Wetterich, Nucl. Phys. B 353, 303 (1991). 
'''~. 

[2] 	 For references and a detailed analysis see G. Domokos et al., Phys. Rev. Lett. 

63,844 (1989). 

[3] 	 NUSEX Collaboration, G. Battistoni et ai., Phys. Lett. B 155, 465 (1985); 

Soudan 1 Collaboration, IVI. L. Marshak et ai., Phys. Rev. Lett. 54,2079 (198.5); 

K. Ruddick (for the Soudan 2 Collaboration), in TA UP'91, Proceedings of the 

2nd International \Vorkshop on Theoretical and Phenomenological Aspects of 

Underground Physics, Toledo, Spain, 1991, edited by A. NIorales~ J. ~:Iorales. 

and J. A. Villar [Nucl. Phys. B (Proc. Suppl.) 28A, 382 (1992)]. 

[4] 	L. K. Resvanis (for the NESTOR Collaboration), in Proceedings of the vVorkshop 

on High Energy Neutrino Astrophysics, Honolulu, Hawaii, 1992, edited by V. J. 

Stenger et aI. (World Scientific, 1992), p. 325. 

[5] 	 F. W. Stecker, C. Done, M. H. Salamon, and P. Sommers, Phys. Rev. Lett. 66. 

2697 (1991), and 66, 2738 [Errata] (1992); in Proceedings of the Workshop on 

High Energy lVeutrino Astrophysics (Ref. [4]), p. 1. 

[6] 	 V. S. Berezinsky, in TAUP'91 (Ref. [3]), p. 352. For detailes see V. S. Berezinsky 

and A. Z. Gazizov, INFN - Laboratori N azionali del Gran Sasso, Preprints LN GS 

- 92/43 and LNGS - 92/44, Gran Sasso, 1992 (unpublished). 

[7J 	 E. V. Bugaev and E. A. Osipova, Research Institute of Nucl~ar Physics, Moscow 

State University, Preprint 89-47/124, Moscow, 1989 (unpublished). 

[8] 	See for a review E. V. Bugaev, V. A. Naumov, S. 1. Sinegovsky, and E. S. Za­

5 



slavskaya, Nuovo Cimento C 12, 41 (1989), and references therein. 

[9] T. K. Gaisser and A. F. Grillo, Phys. Rev. D 36, 2752 (1987). 
,I 

[10] 	"V. Lohmann, R. Kopp, and R. Voss, CERN Yellow Report 85 - 03, Geneva1 

.<t:;' . 
. 1985 (unpublished). 

[11] D. A. Morris and R. Rosenfeld, Phys. Rev. D 44,3530 (1991). 

6 




400 

350 

300 -

... 
til 

.'~'. 1/1

.::: 250 
lit 
C 
1/1 

•> 

1/1 200:; 
C 
::I 
.= 
~ 
0 
::I 150
E 
'C 
1/1 

U 
1/1 
Q. 
x 
w 100 

50 

__ .0-· .. • .... ·0AGN v' s 	 .• fl· ............. 
_.... 
e-···--~·-

,.,.,, 
)I'.. 

I. ..,, 
I 

,. 
,. 
,. ,, 

, 
I , 

o 
o 	 0.2 0.4 0.6 0.8 


cos e 

Figure 	1. Expected number ot muon-bundle events vs. the cosine of the zenith angle 

for (J =10. 29 and 10. 30 cm 2 In the case of the AGN neutrinos in NESTOR. 
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