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Currently several ·experiments are in progress to detect muons 

deep underground in order to obtain· the main features · of neutrino 

interactions at very. high energies. ·The latest result, r~ported- in/ 1/, 

on the intensity of neutrino induced events is 

(3.5_:!: 0,5)•10-13 -, 2-~'J.Uon 
em sterad sec 

(1) 

.· 
The following process contribute to this flux 

i) v + .N .... p. + N ' 
f.L 

Hadrons (elastic and inelastic: 

scattering) 

ii) v + z .... f.L + z '+ w 
f.L 

., 
•" ' . 

(both the coherent and incoherent productions are involved). 

iii) V
6 

+ e -> W -> p. + v . 
Jl 

Assuming various ci"oss sections for these processes, the intensity 

of. the vf.L -induced muon . can be estimated/2/,/3/. At high. energies 

( Ev greater than 10 'GeV) the main contributions come from the vN 

inelastic scatterings. Due to the great theoretical and experimental 
. . . . 

uncertainties, the comparison between the estimated and measured 

value is not conclusive. Recently, however, induced by ·the SLAC 

electroproduction.,experiments some new theoretical ideas have eme.r-

, ged in connection with the deep inelastic region/4-
11

/. As to th~ . . 
cosmic ray expe~iments, in case of lo~'a.l lepton cur~ent, the main 

condusi~n of these theoretical investigations is the iine!!lr rise. (at 

high energies) of the total cross section in the neutri!-10 energy/41. 
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·/ 

Particularly, the· scale invariant property of the v W 2 structur:e 

function in itself ensures this linearly rising cro~s section/8/. The. 

scale invariance of the vW 2 , MW 1 structure functions restricts 

the mean fractional energy transferred to prompt muon produced in 

the inelastic reactions to the interval 

0.56 s k p. < 1 (2) 

contrary to the guess that at high energy kp. is smau/
2

/ .• In more 

specific models the absolute value of the total; cross section can be 

estimated as. well. In the parton model, applying the eve hypothesis 

and assuming that in the infinite momentum frame gJ! gv = 1 for 

the partons, Bjorken and Paschos/8/ predict 

2 
o.59.E • 10- 38 ~ 

v nucleon a tot {3) 

( E vin Gev). Estimating the expectation value between baryons of 

. [J " . b] the equal-hme commutator 1 , J i of the U (3) x U(3) currents in the 

gluon model, Brandt and. Preparata predict a little bit smaller valuef1~/ 
In comparison, the cross section obtained in machine experiments 

-·. . J13/ 
up to 12 Ge . is 

VN 

a tot ( 
. :\ -38 

= 0.8+ 0.201•10 E 
- v 

Applying the three assumptions 
. . . 

2 
em 

nucleon-
(4) 

i) the structure functions of the v N interaction have scale 

invariant behaviour in the deep inelastic region, 

. ii) i~termediate v~ctor boso~ (niB) exists, .. 

iii) the weak interactions can be calculated as first order 

perturbations up to the energies E "'10 5-106 GeV, we once more 
v • 

estimated .the muon flux and it turned out that it i~ in contradiction . 

'11\ith experimental value at ggo(o confidence level if the slope in the 

total cross secthm is greater than 0.8 (see Figure 1). The slope value 

of 0.6 is in agreement. only if the mass of the IVB lies in the r!3-

.gion 
< 12 GeV (5) 3.5 GeV < m w 

4 

t 
' i. 
I 

I 

As to the validity of the applied hypotheses these 

not conclusive as well since in the linear· rise even 

. 0.2 is not out of q·uestion. Reducti~n in th~ exper.imer. 

. a factor of "' 3 may give ·conclusive results. 

is 

The intensity of v 
fl 

induced muons from a zenil 

• N oo Ev 
A - da dEp. -1 

l"(e) =-A f N (v -+;, Ev , e )dEv f (E" -d-E (-) dE 
r Emln t: r d p. dx p. 

where N denotes the Avogadro-number, A the. al 

N (E , e) the intensity of v -s andv7 p.- s. of energy E 
v p. . . 

ihe differer1tial cross section per nucleus for the 
·~ 

dE ''··· . . . 
question, ~ the average rate. of energy loss, t: a 

hold of energy, We adopted the N (Ev, e) function gi 

and the ~ function given· in/16/. The contribution 
dx 

cess i) for high energy neutrinos ( Ev> 10 Gev) are 

the help . of the formula ( 6) and . the differential .·cross 

dieted by scate inVa.riant models/5-11/ which is (asst.: 

exists); 

2 E 
da G MK 1 + (:L) 

2 

--=-~- x Ev 
dx 2rr (Ev-E ) M 

1+2 . p. 
2-

m· 
w 

mw denotes the mass of the IVB, E fl , Ev the corres1= 

in laboratory frame and M is the nucleon mass. ThE 

K is· the same as in Ref./13/ with· the assumption. th· 

The contributions coming from low energy. ne 

10 Gev) are taken into account by the integral 

N to · · . 
I (e),~ f a (E )R[k (E -d]N(v+v,E ,(O)dE 
p.. AE Tv p. p. . . v v 

min 

where R ( E fl) is the effective range of the muons, aT ( 

cross section per nucleus,· ·we have· chosen the val 

k fl .• For the total cross section the measured values 
5 
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5 GeV, we once more .. 
lt it is in contradiction . 

vel if the slope in the 
-· 

Lre 1), The slope value 

he .IVB lies in the re-

(5) 

As to the validity of the applied hypotheses these results are 

not conclusive as well since in the linear· rise even the value of 

, 0,2 is not out of question, Reduction in the experimental errors by 

· a factor of "' 3 rriay give ·conclusive results, 

. -----

The intensity of v induced muons from a zenith angle e 1141 
fl . 

is 

(6) 

where N denotes the Avogadro-number, A the. atomic weight, 

N (Ev, e ) the intensity of v IL- s andv7 IL- s . of energy E v :~ 

the differe~1tial cross section per nucleus for the interac~ion in ,..., 
. dE 

question, r the average rate · Of energy loss, E a certain thres-

hold of energy. We adopted the N (Ev, e) function given in (15) 

and the ~ function given· in/16/, The contributions of the pro
dx 

cess i) for high energy neutrinos ( Ev> 10 GeV) are calculated by 

the help . of the formula (6) and the differential cross section pre-
~ .. 

dieted by scale inVa.riant models/5-11/ which is (assuming that IVB 

exists): ,_ ... 

mw 

2 I+ (~)2 
da G MK Ev 
-- = --- X ---:--~~-

dx 2rr (Ev-E IL) M 
1+2--~2 

m· 
w 

denotes the mass of the IVB, E fl 

(7) 

, Ev the corresponding energy 

in laboratory frame and M is the nucleon mass, The definition of 

K is ·the same as in Ref,/13/ with the assumption that K 
1 

= K
2 

• 

The contributions coming from low energy_ neutrinos ( E < 
v 

10 Gev) are taken into account by the integral 

N to . 
I (e) .. -2 f a (E )R[k (E -d]N(v+v,E ,(O)dE 

IL A E T v .IL II . ·. v v 
(8) 

min · r · 

where R(EIL) is the effective range of the muons, aT (E) the total 

cross section per nucleus,· 'We have· chosen the value of 0,67 fc;>r 

k IL .• For the total cross section t~e measured values (4) are taken, 



I. 

i 

'i 

As the function of the' IvB's mass the contributions of. the 

process ii) are calculated by Coswik/
17

/. It is ~ossible however 

that the numerical results obtained in that work are overestimated 

by a factor of 4 or 5 because the value of 0,65 is chosen.· for .kll, 

but the energy shared by the muon in these reactions corresponds 

more probably to the "near threshold" case given by.Menon etal./~8/ 
which prefers the V;alue of "" 0,15 (It depends on the branching 

ratio of the muon decay mode of the IVB) •• 

The contributions, which derive from the process iii) are neg-
lected/19/. . . . 

With a confidence level better than 99o/o we· can say that 

(see (I)) 

-13 
I < 5.0·10 --. 2 

IL em sterad sec 

muon (9) 

if ( "" 0,2 GeV, 

. The intensity of v -induced muons is calculated applying the 
IL . 

assumptions mentioned above. The curves of Fugure I represent 

the intensity as the function of m w , Adopting at every point the 

published averages we get the curve A, •. If the slope of the total 

cross section. is fixed at 0,8 ( k "' 0,9), but at 'other places all the 

possible errors are taken into account· to estimate a lower limit ·we 

get the curve B. Repeating this latter calculation with the slopes 

0.6 and 0,4 the curves C and D are obtained. Tl)e firm conclusion 

turns out that if th~ ·applied hypotheses are trite· the slope of the 

total cross section is less than 0,8, In case. of the lineur rise ~ith 
0.6 the mass of the IVB must lie in the interval 

3,5· GeV < m < 12 GeV 
w 

(10) 

Omitting the contributions. of the process ii) 'we get the curves A' , 

C ' , !l ' of Figure 2 corresponding to the curves A , C , D 
2 

of Figure 1, The E = m.w represents the critical value of energy whe-
. c M . 

re the vN cross sections .saturate due to s9me non-local mechanism. 

· ,The contradiction tq the slope of 0,8 survives. 

6 

1\{ 
i5 
'I' 

! 

~· 
i 
I • . I . 

. ~,. 
r 
l 
I 
I 

1~ 
. /~: ' ~ i 

Acknowledgements. One of the authors (z.K.) woe 

Dr. J.L. Osborne for valu'able information 'on th 

Prof. G. Marx, ·A,N. Tavkhelidze and R.M. Murady 

discussions. 

-· References 

1. Proceedings of the 11th Conference on Cosmic 

1969. 

2. R. Craig, J,L. Osborne, A. W. Wolfendale, E.C.M. 

of Phys., 46, 5344 (1968) (References to the prE 

be found there). 

3. F'. Reines. et al~ Canad, J. of Phys., i£z. 35, 

4, J.D. Bjorken. Phys.Rev., 179, 1547 (1969). 

·s. J.D. Bjorken and E.A. Paschos. Phys.Rev., :JJ 
6, H. Harari. Phys.Rev,Letters, 22, 1078 (1969), 

7, H.A.I. Abarbanel, M.L. Goldberger, S.B. Treiman. 

22, 500 ( 1964). 

B. J.D. Bjorken and E.A. Paschos. Preprint Siu 

(1969 December) • 

9. V.A. Matveev, R.M. Muradyan, A.N. Tavkhelidze. 

the Int. Seminar on Vector Mesons and Electro, 

tions, Dubna (1969); 

Scale Invariance, Current Commutators in Deep 

Hadron Interactions. JINR preprint E2-4968 

10. S.D. Drell, D.J •. Levy and T. M. Yan. SLAC-1 

Phys.Rev.Letters, 22, 744 (1.969). 

11. D.J. Gross and C.H. Llewellyn Smith. Preprint, 

(1969). 

12. R.A. Brandt and A. Preparata. Lepton-Hadror 

Scattering, Gluon Model· and Reggeized Syn 

· Rar:kefeller UniversitY preprint (1.970). 

13, I. Budagov et al. Physics Letters, 30,B, 36 

14. R. Cool, T.XD. Lee, H. Robinson and M • . SchlA 

132, i2 97 (1963). 

7 



he contributions of. the 

It is possible however 

work are overestimated 

· 0.65 is chosen for ·kll, 

e reactions corresponds 

~iven by Menon et al./~8/ 
:mds on the branching 

1e . process iii) are neg-

99o/o we can say that 

(9) 

calculated applying the 

of Fugure I represent 

iJ?g at every point the 

· the. slope of the total 

at ~ther places all the 

stimate a lower limit· we 

:ulation with the slopes . 

~d. The firm conclusion . ' 
~ true . the slope of the 

· of . the lineur rise with 

:val 

(10) 

we get the curves A ' , 

curves A , C , D 

a.l value of energy whe-

r1e non-local· mechanism. 

Acknowledgements. One of the authors (Z.K.) would like to; thank 

Dr. J.L. Osborne for valuable information on the v -flux and 

Prof. G. Marx, ·A.N. Tavkhelidze and R.M. Muradyan for valuable 

discussions. 

References 

1. Proceedings of the 11th Conference on Cosmic Rays, Budapest, 

1969. 

. 2. R. Craig, J.L. Osborne, A. W. Wolfendale, E.C.M. Yang. Canad. J. 

of Phys., 46, 5344 (1968) (References to the previous works can 

be found there). 

3. F. Reines. et al~ Canad. J. of Phys., ~ 350 (1968). 

4. J.D. Bjorken. Phys.Rev., 179, 1547 (1969). 

·5. J.D. Bjorken and E.A. Paschos. Phys.Rev., 185, 1975 (1969). 

6. H. Harari. Phys.Rev.Letters, 22, 1078 (1969). 

7. H • .,L\.I. Abarbanel, M.L. Goldberger, S.B. Treiman. Phys.Rev.Letters, 

22, 500 ( 1964). 

B. J.D. Bjorken and E.A. Paschos. Preprint SLAC 

(1969 December). 

PUB 678 

....·"-.;. 

9. V.A. Matveev; R.M. Muradyan, A.N. Tavkhelidze. In the Proc: of 

the Int. Seminar on Vector Mesons and Electromagnetic Interac

tions, Dubna (1969); 

Scale Invariance, Current Commutators in Deep inel~~tic L,epton

Hadron Interactions• JINR. preprint E2-4968 (1970). 

10. S.D. Drell, D.J. Levy and T. M. Yan. SLAC-PUB-606 (1969); 

Phys.Rev.Letters, 22, 744 (1969). 

· 11. D.J. Gross and C.H. Llewellyn Smith. Preprint, TH 1043-CERN 

(1969). 

12. R.A. Brandt and A. Preparata. Lepton-Hadron Deep Inelastic 

Scattering, Gluon Model· and Reggeized Symmetry Breaking,. 

· Rackefeller UniversitY preprint (1970). · . 

13, I. Budagov et al. Physics Letters, 30,B, 364' (1969). 

14. R. Cool, T.XD. Lee, H. Robinson and M. Schwartz. Phys.Rev., 

132, 12 9! (1963). 

7 



I, 

L 
1.5, J,L, Osborne, s.s. Said and A. W. Wolfendale. Proceedings of 

Physical Society, 8~ 93 (1.965). 
•,, 

1.6.: P. Hayman,N. Palmer, A~ W. Wolfendale. Proceedings of Royal 

· Society, A275, 1.37 (1.964). 

·1. 7. TR. Coswik. Lower Limit on the Mass of the IVB, paper: contri

buted to the 1.1.th Conference on Cosmic Rays, Budap~st (1.96'9). 

1.8, C.V. Achar et al. Proc. Int. Con£ on Cosmic Rays, London, 

p.1.01.2 (1.965). 

1.9, )f(enesHbiX H.M., 3arpe6HH B.A., YfsB. AH CCCP Cep. cj}I{s. ~9, 

CTp. 1 7 46 ( 1 965). 

Received by Publishing Department 

on April 29, 1970, 

8 

·~ t:l~ 
~ ..... 
~II) 

s 

I !:! c:::i 
5! ~ 

..:.t -
I 

<e) 

@ @) @ 

C) Q 
5! 

0 Q 0 0 ti 0 C) c 
::::::: Oi aci ,...; lO Ui "" ...,; " 

9 



endale. Proceedings of 

, Proceedings of Royal 

Jf the !VB, paper contri

:: Rays, Budap~st (1.969). 

Cosmic Rays, London, 

H CCCP Cep. cjJHa. ~9, 

'l.rtment 

(EJ) 

@) @ 

9 

0) 
co 
"- -;;::---t.o 

QJ 
Ul c.b. ...__ 
..:r- ~ 
.., ~ 



--
--

--
-

--
-
-
-
;-

-
-
-
-
~
 
--

--
-~

-
-

--
~
-
-

--
-
-
-
-
~
-

--
-.

-.
-

.... 
-
-
-

-
-
-
-
-
~
-

~
-
-
-
-
.
.
-

lf.O
 

10
.0 

9.
0 

"' 
8.

0 
0 

7.0
 

"·
 

' 
©

 
6.

0 5.
0 4.0
 

3.0
 

2.0
 

f.D
 

2 
. 

3 
4 

5 
6 

7 
8 

9 
10

1 
5 

5 
7 

8 
g 

10
2 

3 
4 

5 
6 

7 
8 

9
/0

j 

FL
g. 

2 
if

C
 (G

ev
)"z

 


