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Recent results of the neutrino mass squared measurements
and the coherent neutrino-cold-dark-matter interaction
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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 parti$€556-282(98)00508-9

PACS numbgs): 14.60.Pq, 95.35-d

According to the results of several recent experimentatange 10—19eV2. Since the effect of the mass of the elec-
searches for neutrino mass in tritium beta decay, electrofon antineutrino becomes appreciable only near the end
neutrinog1,2,3,4,5,6,7 are found to have negative values of point whereQ—E, is comparable tan;-, one needs-V;

e

their mass squaredr(ie<0). The best fits of all experiments ~0(eV). Here we do not aim to perfo(;m a fit to the experi-

require a negative mass squared for the electron neutrinos taental spectrum, but only to reproduce the “negative mass
be in the range 10— 2@&V2. In view of the above results for squared.” Let us stress that E() is valid for Dirac neutri-

the neutrino masses squared, two mechanisms with unconos where the potential term acts on the left- and right-
ventional neutrino interactions have been proposed so far asanded chiral components with the same strength and sign.
an explanation for this effect. The first of& was based on In fact, for m;,_=0 the role of the potential in Eq1) is just

the hypothesis that neutrinos are tachyons, while the otheg, give an overall shift of the Kurie plot. In this case, one can
[9] considered the possibility that there is a hidden anomagpain (with the appropriate sign fov;,) that the measured

lous long-range interaction of neutrinos that is responsible : v
for this effect. It is to be mentioned here that there is also ar?pectrum of beta decay is larger than thatrfm;—vye—o @

indication for the negative mass squared of muon neutrinosN€gative mass squared,’ but is unable to account for a
(see, e.g., Ref[8] and the references thergidetermined bumplike structure near the end point.

from the measured muon momentum in thé decay atrest. _ We presently use the constraints on novel long-range
Here we show that some unconventional interactions of elederces coupling neutrinos and galactic dark maftte; these
tron antineutrinos from the decay procedd—3He+e~ forces may be responsible for bending of the neutrino trajec-

+7, with a background of the galactic dark matter coulgtory and were assumed to be mgdiated by mqssless vector
induce the “phase space mass” for antineutrinos of a need?©Sons coupled to a novel neutrino chamge(which may
ful sign and magnitudéof a few e\) as to explain the effect. Fepresent, for example, a leptonic interactioifi the source
Apart from the above anomaly, which is located close to the?f the force is dark matter particles with a chamge a limit
end point, it is shown below that an external potential in the
electronvolt range can also give an observable shift in the
spectrum of beta decay at lower energits from the end
point). This could be of relevance too, as some experiment
data may indicate a discrepan@n the electronvolt range
between the measurements of tfid-*He mass difference
employingB spectrometers and other methdtts a review,
see Ref[10]).

The effect of matter on neutrino propagation is containeororm
in the “phase space mass”; it is associated directly with the 9,=10 m,_/m 3)
kinematics of the particle and can be given a clear opera- X X
tional definition in terms of phase space behavior for particlg,,
reactions. Indeed, the above effect would change the famili
Kurie plot K(E) for the processH—He+e™ + v, to

0,0, =3x 10" *’m, /m,, 2

Jvas originally derived11] from the observed duration of the
heutrino pulse from the Supernova 1987A. However, it was
observed[12] later on that because of screening effects
which operate on galactic scales, the lif#} does not actu-
ally depend on the neutrino chargg and now takes the

addition, let us mention a very strong bouq;;ies 1024

a[rl3] for the first generation, derived from Dicke’s experi-
mental limit on the equivalence between inertia and gravity.
2 _ —2_ 2 We restrict ourself here to the cold-dark-matter candidates
KAE)=(Q-Ee=V3) \/(Q Eem Vi) =My @ such as dark baryons and weakly interacting massive par-
hereE. is the enerav of the emitted electrom- is the ticles (WIMPs) with masses in_th_e range 1 GeV-1 TeV.
w e! ] 9y i : o, ! There is, however, an obvious limitation here because of the
vacuum neutrino masg is the vacuum electron mass plus yector character of the hypothesized new interaction, since
the energy release in the tritium decay, and is the exter-  heavy Dirac neutrinos have been ruled out as the primary
nal potential for av, in a background of the galactic dark component of the galactic halo by direct-detection experi-
matter. Hence one requires th{:ttZ(Q—Ee)V;e be in the ment[14].
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Our main observation here is that the external potential (qx/qy)(mx/ee\/)—1(mv/10—4 eV) 1=0(10°), (7
V., arising from the coherent interaction of's with dark
matter constituents, depends only on the ratio of charges, butherem, is the highest mass co_m_ponent.z _ _
not on their absolute values, making thereby the valug;of Finally, we consider the possibility that, is dominated
practically independent of the above constraints. In th?y @ neutrino weighing about 10 eV. Namely, such a neu-
framework of thermal field theoryV; is based on the (fiN0is by far the most plausible candidate for the hot dark
Ve

medium-induced self-energy for @, and the major contri- part of the matter and thef, =50 K [18]. Then we get

bution toV;e comes from the tadpole gragWwhere the mass- (9,/9,)(m, /GeV)"1(m /10 eV) 1=0(10%?).  (8)
less vector boson carries no four-momentum and with dark-
matter particles circulating inside the medium-induced Joop For dark baryons the estimates above should be corrected by
In the real-time versiofil5] of thermal field theory, the com- a fraction of the dark halo of our galaxy that can be ac-
putation ofV;e is straightforward and reads counted for by baryondaint stars and massive compact halo
objects (MACHOSs)] and which is only 0.05-0.319]. In
addition, the extra correction~10"2) in the last cas¢Eq.
V;z(qvqxlmgl)(N;— N,), (4) (8)] must be done wheq,=q, as light neutrinos constitute
‘ much smaller fraction of the density of the galactic hdl6]
where the sign of the dark-matter asymmdthy— N;-is re-  than they do of the cosmological density in a typical mixed-
versed for antineutrinos. It is not important that the dark-dark-matter scenarif20]. The vector character of the new
matter phase space distribution is precisely thermal. In thinteraction precludes any possible coupling to Majorana fer-
massless-soft regime, the resummation program developetdions(in general, mass eigenstates neutralinos are Majorana
by Braaten and Pisarskl6] must be applied, resulting in the particles. For the case where the WIMP is a Dirac fermion,
use of the resummed propagator for the massless vector btire estimates above should be corrected by a fraction of the
son in Eq.(4). The static limit of the resummed propagator in halo that can be accounted for by Dirac WIMPs together
then responsible for the appearancenj in Eq. (4), the  with an asymmetry factoa/Y.,. The relative abundance of
inverse Debye length. Assuming a spherical and isotopic vewIMPs and anti-WIMPs should be the same as in the uni-
locity distribution, the dark-matter halo density in the solarverse. Herax is the cosmic asymmetry scaled to the entropy
neighborhood is roughlp,~=0.3 GeV cm3, SinceV;e has density andY.,, is the asymptotic value of the corresponding
to be negative, alst,>N;. The appreciable external po- abundance of WIMPs plus anti-WIMPs. We find that ter

tential is needed for a neutrino only, and so we have tg~10*° the asymmetry factor could be of order of unity in
assume thatj;<q, . The pure neutrino coupling to a long- the preferred mass range. Obviously, the rafidq, from

: e Egs.(6), (7), and(8) (with all corrections just mentiongds
f tath tical diff , how- . . )
g;?eRzzcﬁﬂ”;iy represent a theoretical difficutige, how not affected by the constraints discussed above. Finally, as

we are forced to speculate about a possible charge asymme-
try of the universe(at least locally, the magnitudes of the
charges are not restricted in our scenario so that any limit on
the net charge can be respected.

1 In summary, we found that very large external potentials
m§|=§ > q5 T2 (v, b, (5)  for the electron antineutrino emitted from tritium beta decay

' could be induced if there is a novel long-range force medi-

ated by massless vector bosons, thereby coupling neutrinos
) _and dark-matter particles residing in the galactic halo. This is
=1. If all neutrinos are nearly massless, even the cosmigye to the screening property of the resummed propagator
neutrino background remains relativistic today, and to obtaify, massless vector bosons used in the calculation of the
V;, in the eV range one need®r q, =q, =d, =0,, Nx  tadpole self-energy diagram for antineutrinos. If the relic
=py/my) particle asymmetry is positive, an enhancement in the elec-

4 . tron energy spectrum near as well as far from the end point
(Gx/d,)(m,/GeV) ~=0(10"). (6)  can be obtained.

It can be shown that the major contributionrtg, comes
from the CP-symmetric cosmic neutrino background with
T,=1.9K, giving

where (v, *)=m, /3.15T, if m, =T, ; otherwise,(v,*)

If neutrinos have nonrelativistic velocities, they can be The author acknowledges the support of the Croatian
polarized even more easily by a test chaggg giving, for  Ministry of Science and Technology under contract 1-03-
equal couplings, 068.
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