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Recent results of the neutrino mass squared measurements
and the coherent neutrino–cold-dark-matter interaction

R. Horvat
Rud̄er Bošković Institute, P.O. Box 10001 Zagreb, Croatia

~Received 27 January 1997; revised manuscript received 18 November 1997; published 6 March 1998!

It is argued that external coherent potentials for neutrinos in the electronvolts range would give a detectable
modification of the electron spectrum in tritium beta decay. We show that such very large potentials may be
obtained from a novel long-range interaction between neutrinos and galactic baryonic and/or nonbaryonic
matter if the new force is mediated by massless vector particles.@S0556-2821~98!00508-6#

PACS number~s!: 14.60.Pq, 95.35.1d
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According to the results of several recent experimen
searches for neutrino mass in tritium beta decay, elec
neutrinos@1,2,3,4,5,6,7# are found to have negative values
their mass squared (mne

2 ,0). The best fits of all experiment

require a negative mass squared for the electron neutrino
be in the range 10– 102 eV2. In view of the above results fo
the neutrino masses squared, two mechanisms with un
ventional neutrino interactions have been proposed so fa
an explanation for this effect. The first one@8# was based on
the hypothesis that neutrinos are tachyons, while the o
@9# considered the possibility that there is a hidden anom
lous long-range interaction of neutrinos that is respons
for this effect. It is to be mentioned here that there is also
indication for the negative mass squared of muon neutri
~see, e.g., Ref.@8# and the references therein! determined
from the measured muon momentum in thep1 decay at rest.
Here we show that some unconventional interactions of e
tron antineutrinos from the decay process3H→3He1e2

1 n̄e with a background of the galactic dark matter cou
induce the ‘‘phase space mass’’ for antineutrinos of a ne
ful sign and magnitude~of a few eV! as to explain the effect
Apart from the above anomaly, which is located close to
end point, it is shown below that an external potential in
electronvolt range can also give an observable shift in
spectrum of beta decay at lower energies~far from the end
point!. This could be of relevance too, as some experime
data may indicate a discrepancy~in the electronvolt range!
between the measurements of the3H-3He mass difference
employingb spectrometers and other methods~for a review,
see Ref.@10#!.

The effect of matter on neutrino propagation is contain
in the ‘‘phase space mass’’; it is associated directly with
kinematics of the particle and can be given a clear ope
tional definition in terms of phase space behavior for part
reactions. Indeed, the above effect would change the fam
Kurie plot K(E) for the process3H→3He1e21 n̄e to

K2~Ee!}~Q2Ee2Vn̄e
!A~Q2Ee2Vn̄e

!22mn̄e

2 , ~1!

whereEe is the energy of the emitted electron,mn̄e
is the

vacuum neutrino mass,Q is the vacuum electron mass plu
the energy release in the tritium decay, andVn̄e

is the exter-

nal potential for an̄e in a background of the galactic dar
matter. Hence one requires that22(Q2Ee)Vn̄e

be in the
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range 10– 102 eV2. Since the effect of the mass of the ele
tron antineutrino becomes appreciable only near the
point whereQ2Ee is comparable tomn̄e

, one needs2Vn̄e

.O(eV). Here we do not aim to perform a fit to the expe
mental spectrum, but only to reproduce the ‘‘negative m
squared.’’ Let us stress that Eq.~1! is valid for Dirac neutri-
nos where the potential term acts on the left- and rig
handed chiral components with the same strength and s
In fact, for mn̄e

50 the role of the potential in Eq.~1! is just
to give an overall shift of the Kurie plot. In this case, one c
obtain ~with the appropriate sign forVn̄e

! that the measured

spectrum of beta decay is larger than that formn̄e
5Vn̄e

50 ~a
‘‘negative mass squared’’!, but is unable to account for a
bumplike structure near the end point.

We presently use the constraints on novel long-ran
forces coupling neutrinos and galactic dark matter@11#; these
forces may be responsible for bending of the neutrino tra
tory and were assumed to be mediated by massless ve
bosons coupled to a novel neutrino chargeqn ~which may
represent, for example, a leptonic interaction!. If the source
of the force is dark matter particles with a chargeqx , a limit

uqnqxu&3310240mx /mp ~2!

was originally derived@11# from the observed duration of th
neutrino pulse from the Supernova 1987A. However, it w
observed@12# later on that because of screening effe
which operate on galactic scales, the limit~2! does not actu-
ally depend on the neutrino chargeqn and now takes the
form

qx&10216mx /mp . ~3!

In addition, let us mention a very strong boundqne
&10224

@13# for the first generation, derived from Dicke’s exper
mental limit on the equivalence between inertia and grav
We restrict ourself here to the cold-dark-matter candida
such as dark baryons and weakly interacting massive
ticles ~WIMPs! with masses in the range 1 GeV–1 TeV
There is, however, an obvious limitation here because of
vector character of the hypothesized new interaction, si
heavy Dirac neutrinos have been ruled out as the prim
component of the galactic halo by direct-detection expe
ment @14#.
5236 © 1998 The American Physical Society
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Our main observation here is that the external poten
Vn̄e

, arising from the coherent interaction ofn̄e’s with dark
matter constituents, depends only on the ratio of charges
not on their absolute values, making thereby the value ofVn̄e

practically independent of the above constraints. In
framework of thermal field theory,Vn̄e

is based on the

medium-induced self-energy for an̄e and the major contri-
bution toVn̄e

comes from the tadpole graph~where the mass
less vector boson carries no four-momentum and with da
matter particles circulating inside the medium-induced loo!.
In the real-time version@15# of thermal field theory, the com
putation ofVn̄e

is straightforward and reads

Vn̄e
5~qnqx /mel

2 !~Nx̄2Nx!, ~4!

where the sign of the dark-matter asymmetryNx2Nx̄ is re-
versed for antineutrinos. It is not important that the da
matter phase space distribution is precisely thermal. In
massless-soft regime, the resummation program develo
by Braaten and Pisarski@16# must be applied, resulting in th
use of the resummed propagator for the massless vecto
son in Eq.~4!. The static limit of the resummed propagator
then responsible for the appearance ofmel in Eq. ~4!, the
inverse Debye length. Assuming a spherical and isotopic
locity distribution, the dark-matter halo density in the so
neighborhood is roughlyrx.0.3 GeV cm23. SinceVn̄e

has

to be negative, alsoNx.Nx̄ . The appreciable external po
tential is needed for a neutrino only, and so we have
assume thatqe!qne

. The pure neutrino coupling to a long
range force may represent a theoretical difficulty~see, how-
ever, Ref.@17#!.

It can be shown that the major contribution tomel
2 comes

from the CP-symmetric cosmic neutrino background wi
Tn.1.9 K, giving

mel
2 5

1

3 (
r

qnr

2 Tnr

2 ^vnr

21&, ~5!

where ^vnr

21&5mnr
/3.15Tnr

if mnr
*Tnr

; otherwise,^vnr

21&
.1. If all neutrinos are nearly massless, even the cos
neutrino background remains relativistic today, and to obt
Vn̄e

in the eV range one needs~for qne
[qnm

[qnt
[qn , Nx

5rx /mx!

~qx /qn!~mx /GeV!21.O~107!. ~6!

If neutrinos have nonrelativistic velocities, they can
polarized even more easily by a test chargeqn̄e

, giving, for
equal couplings,
o
ted
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~qx /qn!~mx /GeV!21~mn/1024 eV!21.O~106!, ~7!

wheremn is the highest mass component.
Finally, we consider the possibility thatmel

2 is dominated
by a neutrino weighing about 10 eV. Namely, such a n
trino is by far the most plausible candidate for the hot da
part of the matter and thenTn.50 K @18#. Then we get

~qx /qn!~mx /GeV!21~mn/10 eV!21.O~1012!. ~8!

For dark baryons the estimates above should be correcte
a fraction of the dark halo of our galaxy that can be a
counted for by baryons@faint stars and massive compact ha
objects ~MACHOs!# and which is only 0.05–0.3@19#. In
addition, the extra correction (;1022) in the last case@Eq.
~8!# must be done whenqx5qn as light neutrinos constitute
much smaller fraction of the density of the galactic halo@18#
than they do of the cosmological density in a typical mixe
dark-matter scenario@20#. The vector character of the new
interaction precludes any possible coupling to Majorana
mions~in general, mass eigenstates neutralinos are Major
particles!. For the case where the WIMP is a Dirac fermio
the estimates above should be corrected by a fraction of
halo that can be accounted for by Dirac WIMPs togeth
with an asymmetry factora/Y` . The relative abundance o
WIMPs and anti-WIMPs should be the same as in the u
verse. Herea is the cosmic asymmetry scaled to the entro
density andY` is the asymptotic value of the correspondin
abundance of WIMPs plus anti-WIMPs. We find that fora
;10210 the asymmetry factor could be of order of unity
the preferred mass range. Obviously, the ratioqx /qn from
Eqs.~6!, ~7!, and~8! ~with all corrections just mentioned! is
not affected by the constraints discussed above. Finally
we are forced to speculate about a possible charge asym
try of the universe~at least locally!, the magnitudes of the
charges are not restricted in our scenario so that any limi
the net charge can be respected.

In summary, we found that very large external potenti
for the electron antineutrino emitted from tritium beta dec
could be induced if there is a novel long-range force me
ated by massless vector bosons, thereby coupling neutr
and dark-matter particles residing in the galactic halo. Thi
due to the screening property of the resummed propag
for massless vector bosons used in the calculation of
tadpole self-energy diagram for antineutrinos. If the re
particle asymmetry is positive, an enhancement in the e
tron energy spectrum near as well as far from the end p
can be obtained.
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