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ABSTRACT 

The inelasticity of the secondary muon. in high-energy neutrino 

interactions, defined in a manner appropriate for the deep-mine 

cosmic-ray experiments, is computed. On the basis of the hypothesis 

of locality of the Iepton current, < E,/EV> = 0 0 62 f 0.12. 
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In order to interpret underground cosmic-ray neutrino experiments, 1,2 it 

is necessary to estimate the fraction of energy c = <E~/IZ> retained by the 

muon in the interaction which absorbs the neutrino. The purpose of this note is 

to show that, provided only that the lepton current is of local V-A form, the 

effective 6 for the high-energy contribution is given by CE = 0.62 k .12, where 

the limits are absolute. 

Let Ev = neutrino energy, E 
c1 

= muon energy at production, and let v = Ev -E . 
P - 

Assume that the muon ionization loss dEP/dx Z constant and range fluctuations 

may be ignored. Assume the incident differential neutrino spectrum can be 

approximated 3-5,6 by a power law7 spectrum w E; ‘. Then the rate for detecting 

muons underground in a given element of solid angle is 

00 EV 

R=C dEv E-‘$ 
V 

0 0 
(1) 

where the nature of the constant C is not important for the argument here. 

Conventionally, in the cosmic-ray literature it is assumed that the muon 

carries off a unique fraction c of the neutrino energy; i.e., 

da 
=I dv =a = o(Ev) a(EP - EEv) 1. (2) 

where E in principle could vary with Ev . 

With this artifice, the rate underground becomes 

R=C 
/ 

,=)dE ‘El-‘a(E )c 
v v V (3) 

0 

If one assumes that the lepton current is local the cross section for the 

process 

~~(2) + N -+P&‘) + hadrons 
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may be written (upon neglect of the muon mass) as 

To obtain this form8 requires an approximation, valid for v >> 1 GeV. The correct 

expression would modify the value of Ec( and Ev in Eq. (4) by an amount which is 

at most 0.5 GeV. 

The f,(v) in Eq. (4) are non-negative functions, being the contributions from 

hadronic final states of’helicity -l,O,+l (+l, 0, -1 for FP incident) for n = 0, 1,2 

respectively. To protect our approximation, * we hereafter ta$e f,(v) = 0 for 

v < v. (v. could be taken m 5 GeV). The remaining low-v contribution may be 

separately computed with the help of the data’ from CERN. 

From Eq. (4) it is straightforward to show that 

where 

(5) 

I ‘. (6) 

’ 1, 

as defined by (4) o . 

To compute the rate R we insert (4) into (1) and change orders of integration. 

R=C~~&$dEv E;Y-n(Ev-v)n+lfn(v) 
n=O 0 V 

2 

=C 
c 

r(Y-2) (n-kl)! O” 
/ rw-t-n) 0 

dv v 2-y f,(v) (7) 
n=O 
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Using (5), we obtain after integrating by parts 
10 

R = ck (g$)[dv 2-y a,(v) 
n=O 

(8) 

For y x 3, as computed by Cowsik et al., 
4 and Osborne et al., 

3 we find from -- 

(8) ancl (3) 

o,(vj + O+U) + a,(v) ) E (9) 

__ 
We see that E must lie between N $ and m z, independently of’ energy with a 

slight modification possible when the contributions from low v , which we ,have 

omitted, are included. 

The estimate of c can be sharpened by observing that upon including only the 

dominant AS = 0 neutrino processes, 
11 then charge-symmetry8 equates 

ii, for antineutrinos incident to o2 for neutrinos incident, 
12 andalto 0. 

1 

Therefore there are good theoretical grounds for asserting 

5 $9 = y-p) 

Therefore were the v and 17 fluxes equal, or were a0 Z-Z a2 as in Harari’s model 
13 

or other “diffraction” models, 
14 then the mean inelasticities would be 

n=O, 2 



Thus in the estimate e = . 62 f .12 the quoted uncertainty is conservative’ly large. 

We have neglected the effect of electromagnetic corrections, which will tend 

to reduce e.‘ While we know of no detailed calculation of this effect, a rough 

estimate gives a correction of at most a few percent. 

In conclusion, we emphasize that a radical revision of present ideas of weak 

interactions, specifically a nonlocality of the lepton current, is implied by a 

value of c much -different from .62 f .12. The existence of nonlocality of the 

weak interaction arising from exchange of an intermediate boson between lepton 

and hadron does not modify the result (to the extent that W production by neutrinos 

can be neglected). Either the pure Fermi coupling or the W-exchange model 

satisfies the hypothesis of local lepton current. 

This work was stimulated by a private communication from Prof. A. Wolfendale. 
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