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AN OVERVIEW OF THE EVIDENCE FOR lie - liT OSCILLATIONS 
I 

Gianni CONFORTO 

Universita.~degli Studi, 61029 Urbino, Italy and Istituto Nazionale di Fisica Nucleare, 50125 Firenze, Italy 

1. 	INTRODUCTION AND OUTLINE 

This review will examine the evidence for lie - liT 

oscillations emerging from 

i) the recent analysis [l,2J of the prompt neutrino 

data obtained at high energy accelerators and 

ii) 	 the observation of the first event probably due to 

a liT interaction in experiment E-745 at Fermilab 

[3J. 
Some relevant cosmological consequences will alSO! 

be presented. 

2. PROMPT NEUTRINOS AND lie - liz: OSCILLA

TIONS 

Prompt neutrino experiments are performed by: 

making the proton beam from the accelerator interact 

in a target, the "dump", several interaction lengths 

thick. Copiously produced long-lived pions and kaons 

are mostly reabsorbed in the dump, thus largely re-. 

ducing the yield of ordinary neutrinos from their de

cays. This allows the detectors, placed downstreamJ 

of a muon filter, to be sensitive to the much weaker· 

source of prompt neutrinos from semileptonic decays of 

charmed particles. Prompt neutrino rates are obtained 

either by "subtraction" of the calculated non-prompt. 

component or by "extrapolation to infinite density" of 

the event rates measured at various dump densities. 

Electron-muon universality guarantees the equa

lity of the lie and II" fluxes [4], independently of the 

charmed particle production process. Thus, since the 

II" can be considered stable in view of the very tight. 

experimental limits on its oscillations [5J, any positive 

difference between the II" and lie fluxes observed at 

some distance from the source could be attributed to a 

depletion of the lie flux due to some instability of the 

In the case of oscillations, the probability of an 

initial electron-neutrino lie of energy E being equal to 

another neutrino liz: at a distance L is [6J 

where: a is the "mixing angle" 

Llm2 = m2 - m 2 in eV2 lie %IX 

LIE in km/GeV. 

The oscillatory character of the phenomenon is en

tirely contained in the second sin' factor in equation 

(1). To observe this in an experiment, the condition 

(2). 

must be fulfilled, since P(lIe - liz:) vanishes for ElL 

~ Llm2 and equation (1) reduces to 

P(lIe - IIx) = 0.5 . sin2 (2a) .(3) 

for ElL ~ Llm'. 

Prompt neutrino experiments, in which both E 
and L are known for each event, provide the only expe

rimental technique available so far for the study of lie 

oscillations with Llm2 in the range 100 ;S Llm2 ;S 1000 

eV2 • 

Several prompt neutrino experiments have been 

performed so far [7-131. Leaving aside the Fermilab 

experiment of ref. [10J, which explored the region Llm2 

> 1000 e V2, in the following the attention will be fo

cussed on the experiments carried out at CERN in 1979 

and 1982. 

Traditionally, experimental results are expressed 

in terms of the asymmetry A, the difference between 

the II" and lie fluxes divided by their sum, which has a 



practically Gaussian behaviour [IOJ. The data from the 

CERN experiments where originally analysed using an 

integrated asymmetry, obtained by first summing event 

rates over all energies. This procedure has been shown 

to entail a loss of sensitivity and better tests for the 

existence of oscillations are possible when the event 
~, 

energy spect'ra are available [11. 

Assuming all statistical and systematic errors to 

be normally distributed, the weighted average of the 

statistically independent values of the asymmetry for 

each energy bin can be calculated, taking in due ac

count the correlation of the systematic errors. This 

quantity, which properly weights each contribution ac

cording to its variance rather than its number of events, 

must also vanish in the absence of oscillations. In fact, 

in this case, electron-muon universality requires that 

the Ve and vlJ event energy spectra, in addition to 

equal integrals, must have practically identical shapes 

and this implies vanishing values of the asymmetry for 

each energy bin. The integrated asymmetry tests the 

equality of event spectra integrals, while the weighted

averaged asymmetry tests the equality of both integrals 

and shapes. 

y EXPERIMENT
E 
A 
R BEBC COHS CHARM CERN 

-
1919 O·08~:n 0.31 :I: 0.10 :I: 0.D7 O.:J;j:l: 0.10:1: 0.00 0.31 :I: 0.001 

,,+ =0.28 :I: 0.4-11982 0.14 :I: 0.00 ± 0.04 0.25 ± 0.00:1: 0.07 0.16:1: 0.00 ,,- .. -0.10 ± 0.:11 

19+82 0.00:1: 0.21 0.18 ± 0.00 O.:l!l:l: 0.08 0.21:1: 0.05 

TABLE 1 
Determinations of the asymmetry A= (vpfIux 

v"flux)/(Vpfiux + veflux) from the 1979 (ref.[7-9]) and 
1982 (ref.(1l-13!) CERN experiments. Compared to 
published results, the BEBC 1982 errors have been 
multiplied by the relevant scale factor[ll and the CD HS 
1979 CDHS 1982 and CHARM 1982 results have been 
obtained by weighted-averaging the values of A obtai
ned for each energy bin. When two errors are given, 
the first is statistical, the second systematic. To com
bine results from different experiments, they have been 
added in quadrature. The weighted averages of the re
sults obtained either ill the :;am~ be&m or in1the sam~ 
apparatus are reported 10 the ngIit hand co umn and 
in the bottom line respectively. 

Table I gives a summary of the experimental values 

of A obtained by using this procedure. 

The CERN 1979 and CERN 1982 values are both 

only about three standard deviations away from A = 

O. However, the combined result A = 0.21±0.05 differs 

from zero by more than four standard deviations and 

its confidence level for A~ 0 is 6.1 X 10-6 • 

A second method, based on an extensive Monte 

Carlo program in which event rates are assumed to 

have Gaussian distributions and systematic errors are 

taken to be uniformly distributed, yields a confidence 

level for A~O of 2x 10-5 . 

Thus, although no result is by itself significan

tly different from zero, the over-all confidence level for 

A$;O is unacceptably small. This implies the existence 

of some new phenomenon. In particular, it supports 

the notion that Ve oscillations may actually exist. 

To investigate whether the observed non-vanishing 

value of A could be interpreted in termsofve +-+ v% 

(x =f 1-') oscillations, the available information on the 

asymmetry A as a function of energy has been exami

ned as a function of the quantity LIE. A X2 fit in terms 

of an asymmetry in which the Ve flux is modulated ac

cording to (1) gives a unique solution with a X2 = 3.9 

for 12 degrees of freedom. An estimate of the syste

matic errors on the fitted parameters is obtained by 

shifting in turn all values of the asymmetry belonging 

to the same experiment by one systematic standard 

deviation and by adding in quadrature the resulting 

variations of the results. The final result of the fit is 

sin22a = 0.48 ± 0.10 ± 0.05 (4) 

~m2 =(377 ± 27 ± 7) eV2 (5) 

The data used as well as the fitted dependence of 

A on LIE are shown in figure 1. The weighted average 

of the data displayed is A = 0.10±0.04± 0.02, corre

sponding to a confidence level for A$;O of 2.4xlO-4 • 

http:0.10�0.04
http:0.21�0.05
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FIGURE 1 
Measurements of the asymmetry A = (vl-'flux 

veflux)j(v",flux+veflux) as a function of the ratio of 
L (distance of the detector from the source in m) to 
E (neutrino energy in GeV). The data from ref. [10] 
(triangles), [12] (squares) and [13J (circles) are for E> 
40 GeV, those from ref.(8] (diamonds) for E> 60 GeV. 
In order to obtain comparable intervals of LjE, some 
dat~ have been grouped together. At each point,' the 
honzontal bar represents the LjE interval for the point. 
The errors shown are statistical only. The full line 
represents the results of a fit in terms of v. oscillations 
with 6m2 = 377 e V2 and sin22a = 0.48. 

Asymmetries derived from integral rates are expect

ed to be approximately experiment-independent and 

equal to A = 0.14, as calculated from (3) and (4). This 

value is in excellent agreement with the weighted ave

rage of the CERN results based on integral rates, A 

= 0.15 ± 0.05. 

Thus, while the no-oscillation hypothesis does not 

agree with the experimental results, the oscillation hy

pothesis actually does. 

The value ofsin2 2a quoted in eq. (4) is compatible 

with the most stringent upper limit [5] within about 

two standard deviations. 

3. THE IDENTITY VX == Vr 

In the Vx == Vr hypothesis, the most conspicuous 

effect to be expected is an excess of neutral current-like 

events due to Vr charged current-Interactions followed 

by r decays into Vr plus hadrons. This effect is confined 

to visible energies -below 20 GeV. 

The visible energy spectrum of prompt events not 

induced by vI' interactions obtained in the experiment 

of ref. [13J is shown in figure 2. 
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. 'bl FIGURE 2Th. e VlSl e energy spectrum of prompt events not 
mduced by vI-' interactions obtained in the experiment 
of ref. [13]. The full line shows the result of the charm 
production model used in the experiment, normalized 
to the whole energy range. The dotted line represents 
the same curve, normalized to the data above 20 GeV. 

The full line shows the result of the charm pro

duction model used in the experiment, normalized to 

the whole energy range. The model gives a rather un

satisfactory description of the data, the points below 

(above) 20 Ge V being above (below) the curve. To in

vestigate whether an excess is present below 20 GeV, 

the prediction of the model of ref. [13] has been nor

malized to the data above 20 GeV. This new curve , 
represented by the dotted line in fig. 2, gives a much 

better description of the data above 20 GeV but cau

ses an excess to appear below 20 Ge V. The confidence 

level for the compatibility with zero of this excess is 
1.3 X 10-2 • 

Similar considerations, applied to the other 'exi

sting data, yield the results reported in Table II. 



dominated by the mass of the tau. Assuming a similar 

hierarchy to apply also to neutral leptons, the result of 

eq. (5) implies for the mass of the tau-neutrino 

m VT = (19.4 ± 0.7) eV. (6) 

I 

The.existence of a neutrino with a mass of about 

20 eV implies in turn that the universe is dominated by 

neutrinos. N.eutrinos can easily saturate the condition 

for a critical universe and must be responsible for the 

bulk of dark matter. 

The mass of the tau-neutrino is related to the 

energy density of the universe n and to the Hubble 

parameter Ho. The latter two quantities are in turn 

related to the age of the universe tu [17]. 

For n = 1 (and nbaryons = 100/H~), eq. (6) im
plies the results 

Ho = (45.8 ± 0.8) kms- 1 Mpc-1 

tu = (14.2 ± 0.3) Gyr 

in agreement with present observational evidence. 
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