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PROCEEDINGS

Neutrino Masses or New Interactions
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ABSTRACT: Recent proposals to study the mass of the ”electron” neutrino at a sensititvity
of 0.3 eV can be used to place limits on the right handed and scalar charged currents at
a level which improves on the present experimental limits. Omission of such interactions

from the analysis can lead to the inference of an incorrect value for the mass.

1. Introduction

Understanding the properties of the neutrino is one of the foremost problems in modern
particle physics. Indications from neutrino oscillation experiments are that at least one
neutrino has a non-zero mass, but only differences in the squared masses can be determined
in this way. The atmospheric neutrino data measured at the Super-Kamiokande experiment
favors v, — v, oscillation with a mass difference of ém2,,, ~ 3 x 10~3eV? [1]. The simplest
interpretation of this is that one neutrino has a mass ms > 0.05 eV, the first hint of physics
beyond the Standard Model (SM).

The absolute neutrino mass scale is accessible through the kinematics of weak inter-
actions. A program of Tritium beta decay spectral measurements has been pursued to
this end for a number of years [Z]. Originally the focus of this program was to determine
the Lorentz structure of Fermi’s theory of weak interactions[8]. More recently the focus
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has been solely on determining the mass of the electron anti-neutrino through precision
measurements of the end-point of the electron energy spectrum [4] [5]. The current up-
per bound on the neutrino mass set by these experiments is m,, < 2.5eV while future
experiments plan to achieve a sub-eV sensitivity of 0.3 eV [5].

Many extensions to the minimal Standard Model introduce interactions with Lorentz
structures other than V-A which have a coupling on a weaker scale than the Fermi coupling.
In this note we examine the consequences of non-standard currents for the interpretation
of the measured value of the electron neutrino mass, extending the work of Ref. [f], to
which we refer for details of the notation used here. In particular we show that, in the
presence of neutrino mixing, the non-standard currents may produce interference effects
which completely distort conclusions drawn from the experiments concerning the nature of
physics beyond the Standard Model.

2. Formalism

The new, non-standard interactions will in general have different Lorentz transformation
properties from the dominant V' — A structure. For convenience we recast the usual
S, P, T,V and A currents into their right and left handed components Sg,Sr,T, R and
L with L =(V—-A), R=(V+A), SR =(S+P) and S, = (S — P), described by the

elements
I's, =(1—-7), Isy=041), Tr=7"Ts,, TI't=7"Ts,, I'r=[n"7"]/2, (2.1)

in the Dirac Algebra. In the case of negatively charged lepton decay the subscripts of the
operators Sp and Sy denote the chirality of the neutrino field and do not correspond to
the chirality of the negatively charged lepton field.

The most general effective interaction Hamiltonian for low energy, semi-leptonic decays
is written as

H; = Z G8 Z (Jlia"]fﬁ + h.c.> (2.2)

a,=Sr,Sr,R,L,T f

where f = e, p, 7, labels the weak eigenstate and in the Tritium case Jyy—cy = I’ Au,
represents the leptonic current while Jj,, represents the hadronic current. In the SM the
only couplings present are 3 = L and o = L, R.

To allow for neutrino mixing, we allow the weak eigenstates vy to be linear combina-
tions of the mass eigenstates,

vl = Zcos 9,{ Vg (2.3)

where the cos Qf: are the direction cosines in the coordinate system spanned by the mass
eigenstates’.

!For simplicity we do not consider C'P violation in the neutrino mixing matrix.
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In general, should additional currents exist, the boson mediating the current need
not couple the eigenstates of the new interaction to the same linear combination of mass
eigenstates; hence we define

ﬁf( = Zcos 9£X Vg (2.4)
i

where the subscript ‘X’ corresponds to the type of interaction and takes the values Sg, St, R,
or T.

The new interactions produce interference terms in the beta decay spectra proportional
to the coupling constants [6] G*3. Tt is these interference effects which are used to produce
the best limits on the strength of the new couplings [¥.

The strength of interference effects are usually evaluated under the assumption that
the weak eigenstate is the same as the mass eigenstate, and quoted relative to the strength
of the SM coupling as,

M3,
9> M3

pPx = (2.5)
where g and My are the coupling constant and mass of the non-SM boson being exchanged
Recent limits are given as [§]

pr <0.07, ps, <0.1, pg, <0.01 (2.6)

The constraints on the left-chiral scalar interaction are stronger than the others as this
current would produce a charged lepton of the wrong chirality. Because of this strong
constraint we do not consider this interaction further.

If the assumption that the weak and mass eigenstates are the same is relaxed, the
effective strength of the interaction is modified by the mixing matrices of the standard and
the non-standard currents.

3. Spectra

In this section we show how new Lorentz structures will be detected in the various exper-
imental spectra. The differential electron energy spectrum with scalar and right-handed
currents involves a sum over atomic/molecular final states, ¢, which can be simplified near
the end point where the product F'(E3)gs, and the ratio m./Eg are nearly constant.

The effects of a finite neutrino mass on the differential spectrum is to cause a distortion
near the end point, as the spectrum falls off as E, g, rather than E2, and a shift of the end
point by m,, (§y — & —m, ). Neutrino mixing has a similar result, producing several kinks
in the spectrum at the point where the electron energy is such that decays to the k** mass
eigenstate are kinematically disallowed [d].

Recent and proposed experiments measure an integral spectrum over all beta energies
above some value Eg, > NZ(Eg) In the Mainz experiment results for a number of different
values of Eg are combined in a weighted average; the data is then fitted as a function of
B < Eg, a lowest cutoff energy. The weighting takes into account the systematics of the
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spectrometer [4]. Even without reproducing the details of this calculation we can gain
insight from a crude model of this process, in which we integrate the integral spectrum
from Ej to infinity,

o0 Kl
Gi(E) = Ny(E§)dE§ =~ - > (1 +e)Ey, [1 — 3— o0k ] (3.1)
k

El E2 EUl’L

l/ﬂ

introducing E,; = 53 — Ej, the neutrino energy in the i*" channel, and making the ap-
proximation FE,,; > mj, which is accurate to about one part in a thousand for cutoff
energies E,,;/my > 35, and deteriorates rapidly for energies E,,;/m, < 10. Our results are
expressed in terms of

cos O x 9 9 G%
X = PXT s 0, and e = €g + €y W and
mp Me G%/
= -2 — . 3.2
P 1+ ex) L By > *R T Sn (G%,+3G?4>] (3:2)

To simplify the discussion we examine the case of a decay to one final atomic/molecular
state, ¢ = 0. Further we restrict the discussion to only one mass eigenstate £k = 1. With
these simplifications the function to be fitted to the data will be

l/lZ l/lZ

A
G()(El) |:E4 —3E%>.m 1 —+ QEV”(ﬁl + BE,,”':| . (33)

The overall magnitude A = (1 + €1) cos? §; will be determined from the data, as will the
end point 58 . The background B can be independently determined from measurements far
from the end point.

In fitting the data it is important to be sure that all of the parameters, including A, B
and 88 are physically reasonable, and then to find a minimum y? at a point on the (m?, ¢1)
plane consistent with the independent limits on €. Discussions of the experimental results
of future experiments should include a discussion of the values of all of the fitted parameters.

We now generalize to the case where all mass eigenstates participate in the decay. The
KATRIN experiment should be sensitive to a mass of 0.3 eV, or about a 0.02% shift in
Go(E;) at an energy of E,,; ~ 40 eV. We investigate the influence of new interactions by
taking values of cos 0, and also the mass differences between the mass eigenstates consistent
with the LMA solution to the solar neutrino problem. The absolute value of the relative
difference between the spectra with (G{¥) and without (G}) right-handed vector couplings,
AG = (G — G})/G} over the space of the non-standard direction cosines have been plotted
in the (cos0ar, cosfsg) plane.

On the AG = 0 curve in the plane there is no difference between the standard and non-
standard spectra as a result of destructive interference between different mass eigenstates.
Even the non-observation of interference effects in spectra or correlation parameters could
be misleading. The magnitude of the relative difference between spectra for some values
cos O x is larger than the 0.02% detection threshold. Ignorance of mixing and non-standard
interactions in this situation would result in an incorrect fit for the value of m,,. The
possibility of weaker interactions in beta-decay must be taken into account when analysing
future precision results. We must be ready to be surprised by the data!
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Figure 1: Constant value contours of AG for the right-handed vector interaction. In this plot the
third mass eigenstate has a mass of ms = 1 eV. The numbers immediately to the right of each
contour give the value of AG. The 0.001 contour reaches furthest to the left.
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