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ABSTRACT 

We point out that neutrino flavor oscillations can significantly 
alter the cross section for neutrino-electron scattering. As a re- 
sult, such oscillations can affect the comparison between existing 
reactor data and theories of neutral-current processes. They may 
also lead to strikingly large effects in high-energy accelerator ex- 
periments. 

One expects that, in general, neutral-current processes will be 
completely unaffected by the oscillation of neutrinos among their 
various possible flavors (v , v , v 
ses presumably preserve neufring f&ii, 

>. After all, these proces- 
and are independent of that 

flavor. Thus, oscillation of neutrinos from one flavor to another 
will not change any neutral-current cross sections. Indeed, even if 
the neutral weak interactions do change neutrinos vf of one flavor 
(e.g., ve) into those of another, if they do so through amplitudes of 
the form 

a(v P -+ vf,B) = Nf,fa , (1) 
where Nfff is a unitary matrix and 2 is a universal amplitude, neu- 
trino oscillations will still have no effect. (The unitarity of Nflf 
guarantees that the interactions remain independent of flavor in the 
sense that the total cross section for a neutrino vf to interact, 
c dvfA + vf, B), does not depend on the incoming flavor.) 
f' 

There is one exception to all this; namely, neutrino--( or 
antineutrino-) electron scattering.A For all neutrino flavors but 
ve, this reaction is a purely neutral-current process. However, for 
this one flavor, the reaction receives both neutral- and charged- 
current contributions, as illustrated in Fig. 1. Since the charged- 

work supported by the Department of Energy, contracts DE-AC03- 
76SF00515 and DE-AC02-76ER01428. 

$Permanent address. 

(Talk presented at the Neutrino Mass Mini-Conference and Workshop, 
Cable, Wisconsin, October 2-4, 1980.) 



-2- 

h 

current amplitude is appreciably 
larger than the neutral-current 

ff (iTee -Lee)= ZHe + +& * ~~~~~~ii~~~~~~~~~~~~~~~ 

tions are all equal.) Consequent- 
Fig. 1. Contributions to 
a(3,e + C,e) . Here Z" and W'- 

ly, at a reactor,where the beam is 
initially 3,, oscillations into 

represent the neutral and other flavors will decrease the 
charged weak bosons. (anti) neutrino-electron event 

rate. At an accelerator,where the 

3,s the development of a v, or 5, 
beam usually starts out as v,, or 

component will increase the 
neutrino-electron event rate. 

To make this more quantitative, suppose there are N physical 
neutrinos (mass eigenstates) vm with masses Mm. Suppose further that 
the neutrinos of definite flavor, vf, are not the mass eigenstates, 
but linear combinations of them, given by 

Vf = c UfmVm ’ 
m 

where U is an orthonormal mixing matrix. Then, as everyone at this 
Workshop knows very well, a neutrino vf born with one f.lavor will 
evolve after time t into a linear superposition of all the flavors, 

v(t) = c UfPf’ l 

f' 

During this time the neutrino will have travelled a distance x = ct. 
The probability of observin it as a neutrino of flavor f' at this 
distance from its source is f 

9x1 
2 

= c Uf,,Ufm 
m 

+c” m,fm flmUfmUflm'Ufm' cos2ll 
X 

km' ' (4) 

where pv is the neutrino momentum, and the oscillation length Rmm, 
is given by 

For various reasons,* recent discussions of neutrino oscillation 
have frequently centered on values of M2 - M2, of order (1 eV)2. If 
M2 - M2, = (1 eV)2, then R = 2.5 m fbr p m= 
ftr re%tor antineutrinos)yAnd 2.5 km for iv 

1 MeV (a typical value 
= 1 GeV (a typical value 
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general. In the 3,e channel, 3e scattering involves the two diagrams 
of Fig. 1. Assuming u-e universality, we already know how big. the W- 
diagfim is from the muon lifetime. Under the same assumption, we 
will soon know quite accurately how big the Z" diagram is from high- 
energy studies of vPe and YJ,,e scattering. What we do not know is the 
sign of the interference between the W and Z diagrams. This sign is 
the new information which can be revealed by experiments involving 
the $,e or v,e channel. 

Before all the recent attention to the possibility of neutrino 
oscillations, we and our colleagues5 had computed the expected Dee 
event rates for three cases, using the 1977 Avignone-Greenwood reactor 
5 spectrum. 6 In all three cases, the sizes o !! 

the weak couplings 
were taken to be as in the GSW model with sin 0W = a, but the W-Z in- 
terference was alternatively assumed to be destructive (as in the mo- 
del), constructive, and absent. The results of those calculations 
are compared to the v',e data in Table I. 

TABLE I 
Theoretical and experimental reactor See event 
rates as fractions of R V-A' the event rate for 
a pure charged-current interaction. 

Event rate/qrwA 

Destructive 0.83 

Constructive 2.2 

No Interference 1.5 

Experimental3 0.87 f 0.25 

. 

3.0 I Te I 4.5 

MeV 

1.20 

2.8 

2.0 

1.7 * 0.44 

Reines, Gurr, and Sobe13 presented data for two T, bins. From 
Table I we see that in the low-T, bin the experimental result favors 
the destructive (GSW) case, but is only 2% standard deviations (u) 
from the no coherent interference case. In the high-T, bin, the ex- 
perimental result is closest to the no interference case, but is only 
a bit more than la from the destructive case, and only 2&a from the 
constructive one. The evidence that the interference is destructive, 
as predicted by GSW, is not very strong, but the data do mildly favor 
this case. 

Now let us see what happens when we allow for the possibility of 
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oscillations. Table II gives the approximate event rates, eq. (ll), 
in the presence of oscillations, for the same three cases as before: 
destructive, constructive, and no W-Z interference. We see from this 
Table that the effects of oscillation can be appreciable, and that 
they are even bigger for constructive or no interference than for the 
destructive GSW case. 

TABLE II 
Theoretical reactor ?e event rates as fractions of RvBA, the 
pure charged-current event rate without neutrino oscillations. 
The symbol7 denotes the average probability of finding a fla- 
vor other than ce in the reactor beam, due to the oscillations. 

1.5 -< -< 3 MeV Case Te 3 s Te $ 4.5 MeV 

Destructive Interference 

(Weinberg-Salam, sin2ew= f, 0.83 - 0.32 2 f3 1.21 - 0.21 2 (3 

Constructive Interference 2.20 - 1.68 -7 f3 2.76 - 1.77 2 
. 

No Coherent Interference 1.51 - 1.0 2 B 1.97 - 0.98 2 B 

(For the case of destructive interference, Halls and McKellar 7 

have recently obtained the oscillation-modified event rates by fol- 
lowing essentially the same procedure as we did. They confirm our 
results nicely when they use one or another of the published reactor 
antineutrino spectra in their calculations.8 However, they have also 
inferred an additional spectrum by working backwards from the results 
quoted in Ref. 3.8 They find that when this inferred spectrum is 
used, the top row ofxable II becomes 0.83 - 0.06 F for the low-T 
bin, and 1.21-0.03 f32 for the high-T, bin. These results indicatz 
much less sensitivity to oscillations than do our own. That they are 
so different from our results is very surprising, since in-the ab- 
sence of oscillations the inferred spectrum and the 1970 Avignone 
spectrum, which is one of the published ones used by Halls and McKel- 
lar, lead to 3,e event rates which differ by only N 6% for a given 
theoretical q,e cross section. Therefore, we believe it is reason- 
able to rely upon the results based on the published spectra, but 
this matter should obviously be clarified.) 

In Table III, the event rates of Table II are evaluated for spe- 
cific illustrative values of 62. 
62 = Lp 

Let us consider, for example, 
From Table III, we see that for this degree of oscillation, 

the low-Te data point lies closest to the predicted event rate for no 
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reaction - neutrino electron scattering - whose event rate will be 
affected by neutrino flavor oscillations. This comes about because 
for&e neutrino flavor - v, - this reaction has a charged-current 
piece. If 4 - el w (1 eV)2, then reactor ve experiments will be 
sensitive to the oscillations without any special steps being taken. 
Oscillations can reduce the event rates in these experiments by 
(10 - 20)%, so that, if oscillations are known to be present, they 
must be taken into account in comparisons between the data and the 
Glashow-Salam-Weinberg model. 

In accelerator experiments, if $ - M~I - (1 eV)2, oscillations 
will have large effects only if the neutrino beam momentum is made 
quite low, or the detector is placed a healthy distance from the 
neutrino source, or both. However, if these steps are taken, the ef- 
fects of vu +--t v, oscillations can be dramatically large. 
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