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Unified understanding of neutrino oscillation and negative

mass-square of neutrino
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Abstract  The author indicates thal even a conclusive confirmation of neutring
oscillation does not neceszarily imply the existence of massive neutrinos. The negative
value of neutrino mass-squaze iy be an alternative key with realistic physical mean-
ing., Reexamining special relativity (SR) we find that there actually exists a fornal
phase velocity of “de Broglie’s wave™ in ternporal Lorents transformation atiributed
to the intrinsical essence of Minkowski's space. Tle propertics of spacelike interval
between two events have already included constrains to deseribe superhuninal motion
and SR is compatible with the faster-than-light motion originally in algebraic dorain,
Pay attention to that the operator represeutation, § — ~ihV. has just verified for siub-
luminal particles, not for superluminal particles. adbering to de Broglie's coexistence
idea between waves and particles, it s possible to dednce a formal two-component Weyl
equation to describe any species of free nentrinos with naginary rest mass, which i-
cquivalent to making use of the Dirac equation for a free spin-1/2 particle with zero

rest mass in form.
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1 INTRODUCTION

The quesiion of whether nentrinos have rest masses 3s of fundamental iinpor-
tance in physics. It has therefore attracted considerable attention. Since Pontecorva
proposed that there niight, exist neutrine oscillations phenomenon more than 40 years
ago following an analogy with £? « &% oscillations [ it is generally agreed that souwe
positive indicatious of the neutrine escillation would provide an evidenee for nentring
masses and mixings, the deficit puzeles of solar neutrinos as well as atmosphere nen-
trinos can be nnderstood. At the same time. the existence of neutrino oscillation is
therefore a perceptible indication of physies beyond the standard model. In this pa-

per, the author is going to argue: 1) even a conclusive confirmatior: of the neutrino
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oscillation does not necessarily imply the existence of massive neutrino. 2) nentrinos
with pitre imaginary "rest mass™ may be a realistic plysical result, and 3) it is possible
to find a unified understanding of the neutrino oscillation and negalive mass-square of

the neutrino.

2 NEUTRINO OS5CILLATIONS

For the discussion of conventence, let us recall the physics of neutring oscillation
phenomenon briefly. If nentrino has mass. o newtring of definite favor vy created in
a charpged current interachion along with o correspouding antilepton with ~Havor™# (e
. 7 and perhaps one more) need not be a mass eigenstate. but rather a coherent

superposition of mass eigenstates given by

\U(> = E U/nll/u,)
W

where the i, are the mass cigenstates, and the coeflicient Uy, from an nuitary wafrix
7 which denotes neutrine mixing, For N species of nentrinos. U 18 an ¥ x N matrix.
Then a neutrine of one flavor can spontaneously change into one of another flavor a= i
sravelling a distance £ (or time 1).222 In all practical cases, neutrinos are extremely
relativistic. so that the energy of the companent v, i given by the relativistic energy-
motnentum relation (¢ = k= 1)
4
E¢ = v’ﬁz + o e [P ;:iil—;—
alp
where we assume that the 3-momentum p'of the diffrrent Havor are the same. but
with different masses. As long as the neutrinoes are stable particles, after a titne 7 the
evolution of the initial state of Eq.[1) gives

[J/[('C)} = Z (:ﬂE"tU/U [14y ;-

(4]
The probability of find a #: state in the origlual state » 1= Plog —— v Do,

because for extremely relativistic neutrinos E = [pl. making use of Eq.(2) then

Plyg — vpil) = (e w( L)

. 3
EL‘ - M:/2E P
= s il ol JUF(;-Ul,”

£r
Currently, a neutrine oscillation experiinent is analyzed for only two neutrino

flavors. For instance v, — v, mixing, the mixing natrix 7 takes the forin
V- cosfl,, sinfl,,
—sinfl,, cost,.

Where 8, is the v, — v, mixing angle. Pubting matrix (5) into Eq.(4), one niay get

Plug — vyt LY = 50’26, sin®(AM;, L/4E)

S
=1
-1
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= 5in?26,,5in*(L/ L ,,)

where AME,[, = Mf, — M? and the quantity | L, | = [4E/AMZ, | is the ascillation length

which gives a distance scale over that the neutrino oscillation clfects can be visible.

3 PARAMETERS

Nowadays there are rather compelling evidences for the neutrino oscillation and
there are many ongoing ones, To fit the observations one has already obtained the
ostillation parameter’s ranges of both neutrino mass-squared difference AM g,‘ and
mixing angles sin?23, in an oscillation from one species ¢ to another /3.

{a) An evidence obtained from the oscillations of attmospheric neutrino was found
[+-5]

in the Super-Kamiokande experiment by the hypothesis that v, —» 1, oscillation:

5x 107V < AM? <6 x 1073eV?, $in®20 > 0.82 % 1.

{b) For the solar nentrino experiments, by Mikheyev-Smirnov-Wolfenstein (MSW)

mechanism to convert a v, into a neutrino v, of another flavor,®=# it follows that
5x 107%V2 < AM? < 107%eVE, sin?20 2 7w 1073

or in the case of vacuum oscillation. AM? ~ 107 1%V?,
(¢) The fitting result of a reported evidence for 1, — i, oscillation from the

Los Alamos liquid scintillation neutrino detector (LSNDY is

0.27eVE < AM® < 2.3cV7.

4 NEGATIVE MASS-SQUARE

However, are thesc different observations and the fifling results the plausible
and satisfactory explanation of nentrino being massive? The answer is “no”. Because
to pay attention to Eq.(6), onc may find that the oscillation funclion (square sine
function or cosine function in some papers) is a even function. Hence we can nat
conctude that AMZ, in the argument of the sine fanction must be greater than zero.

quite the contrary, AM ga may be negative value, that is,
2 _ g2 2

In other words, we seem to be faced with an unavoidable choice, 2.e.. the mass-
square of neutrino may be a negative value in view of mathematical logic, that is both

of M} and(or) M2 may be negative, therefore even a conclusive confirmation of the
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nentring oscillation does not necessarily imply the existence of a nonzero neutrino rest

mMass.

5 RECENT DATA

The square of the neutrino mass has been mewsured to be negative in many
experiments. Most recent data, which were histed in “Review of Particle Physics,
20002 siill include this kind of negative values, For instance. in Refs.[11-12] the

weighted average for electro-nentrino v, from two experiiuents reported is
2 r 73
iy, ) = —-0.20 £ 3.3V
In tle pion decay experiment a negative value for muon-neutrinos was obtained, [t
mA(py) = —0L016 + 0.023Me V.

Of course, more accurate results will appear as time goes on and the precision
of measurements improves. However, as long as the negative value of the neutbrino
mass square refuaing to be obtained., one can not exclude the possibility of them being

physical resulis.

6 PURE IMAGINARY ‘REST MASS’

If the negative values of the neutrino mass-square were physical results, they
siuply mean the “rest mass” of neutring is a pure imaginary value. May the pure
imaginary “rest mass” of neutrino be the trur physical mass? An unconventional in-
lerpretation “tachyonic neutring” was given 25 years agol~ 151 Unfortunately. the
driving force for research on this issue has been lacking in view of: a) besides neg-
ative mass-squale tliere was no plece of experlmental evidence to support tachyonic
conjecture strongly: b} as yet there does not exist a completely satisfactory quantum
field theory of any type of tachyor./'9) Indeed, it is still A question whether the pure
imaginary “Test mass” of ncutrino may lead to a two-component quantum field to
guarantee that a neatrino always has left-handed spin and an anti-nentrine always has

right-handed spin.

T TEMPORAL LORENTZ TRANSFORMATION

After the publication of Einstein’s original paper on special relativity (SR). it
seemns clear that no object. influence, or interaction {force) can move or he transmitied
faster than the speed of lght in vacwum. In other word, it is gencrally agreed that

according to SR the speed of light in vacuurn is the maximuin speed of propagation uf
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signals in nature. However, reexamine tempaotal Lorents transformation

rr t— r.
' t- < .
t = = (81
vz 2
1 3 ps2

one may find that there exists a superluminal speed in temporal Lorentz transtor-
mation, i.e. ¢®/v is the like-phase velocity of “de Broglie’s wave” related to v. It i

inconceivable that this point has been overlooked for over 70 years.

8 SUPERLUMINAL MOTION

In Minkowski's space the interval between two cvenls is an invariant for the
proper Lorentz transformations (i.e. Lorentz transtormations without space inversion

and time inversion),

SZ — +y2 + P C‘th - 1_12 + Hf'z + . 62#2 i)

This invariant may be positive (spacelike). zero (light cone). or negative (time-
like), so that the following inferences must be drawn.[7]

a) The particles will keep their essential qualities{tachyon, photon or luxon,
bradyon) in their born time for the proper Lorentz transformations, [n other words,
only by means of accelerating or decelerating technique nobody can make the particles
moving beyond the light bartier,

b) There do not exist the superiiminal or light inertial frames in nature, hence
there remain no problems relating proper length and proper time to be solved. Quly
in the subluminal inertial frames or in timelike space we can discuss the superlumnal
or light wotion. Therefore, even concerning the superluminal and light motion, the
relative velocity of the used inertial frames is always less than the speed of light. Three
situations in Eq.(9) are just described in timelike space.

¢) As long as not to refuse imaginary number. almost all the formula in SR need
not to alter to be applicable to the three situations in Eq.(9). For instance, for a

neutral bradyon the energy-momentuin relation in SR is
B =P -}-m;‘;c‘1 {10}

Recall the studies of tachyon '8~ ¥ introducing imaginary number 0" as well as
a real meta-mass m* to denote the imaginary rest mass mg of a tachyon with speed

4, then we have

my = im” i11)

Bl =t ot (12)
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where
.2 .
m'e mhu
EFE=z ———. P = ——, (13
f—.f - Ipi ,———F ) )

Hence SR is compatible with faster-than-light motion originally in algebraic domain.

d} Superluminal motion could nnlikely confuse the problem of cansality. Making nse

'

of the temporal Lorentz transformation one may obtain the time interval (25 - ¢

i
between the evenls as viewed (ta — £;) in some other frame moving with velocity »
would be given by (th ~ t}) = v[(t2 — t1) — p{wz — 21)/c*) where y = (1 - v¥/c?)~ V2

Thus if (£2 — ¢;) and (#}, — t]) were of opposite sign. the rondition must be

(ty - ty) = ST 0y,
=2
(fb'z - z1) o
_— (14)
(tz — £1) v )

It is obvious that even according to SR in the range of (. ?/v) the superluminal
motion could not mix up the causality. For examiple 1. the earth’s orbit velocity is ~ 30
kmy/s, then o fo ~ 10000¢. that is if some superlmninal phenomenon with velocity «
10000c happen on the sun, an observer on the carth would not coufuse the problem
of cause and effect. For example 2, an observer does experiments in laboratory on the
carth. the velocity between he/she and the instruments is ~ 0 km/sec, the /o ~ x,
that is any superlhiminal phenomena oceuring during those cxpf.‘riments‘would not mx
up the question of cansality, Therefore, the maximum speed of propagation of signals
between two inertial frames in nature is ¢ /v being related to their relative velocity v,

It is thus clear again that relativity is absolutely relative!l20

9 HAMILTONIAN

It is well known that, generally, the Hamiltonian function A for a particle in a
conservative field is equal to the total energy. so that Schrédinger’s discovery in 1925
of a nonrelativistic wave equation led immediately to the suggestion, by Schrodinger
and by a number of other physicists, that the wave equations for any kinds of particle
such as Pauli, Klein-Gordon and Dirac equations could be obtained by making the
operator representation substitutions ,

- d
Fer —ihV. B eib (15)
Al
into the corresponding Hamiltonian function A in the following equation.

Hy - BT, ()

However, the above correspondences have just verified for subluminal particle.
We are really not sure whether the above operator representation substitutions may be

used for superluminal particles. The present author thinks that the erroncous usage
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of Eq.(15) for superluminal momentum is the failnre reason to quest, for a satistactory
guantum field theory of any superluminal particle iy the recent 40 years. How to
construct a quantum field theory of tachyon in thwelike frames correctly? ly order
to solve this issue we may draw some luspiration from the de Broglie's idea. The de
Broglic’s personal view on “matter waves” appearcd in his famons first three papers in
the Comptes Rendus de I Académic des Sciences in 1923 about his study on the law ol

harmony of phases(2!]

. In fact, de Broglie’s main idea is not dualism. but coexistence
between waves and particles, 1.e. we must assume the existence of particles always
accompanied by waves, Follow de Broglie's idea. we may use a dual subluminal speed

7 to replace a superluminal speed # in terms of following relation

X

c .
9= —, (17)
”
Eq.(13) turns to
]
mtu m & me m*u ¢ LC
p = = = - = " = ————-—}: = 1) -:,
u [ 3 re ot
wl \/*‘“1 \/“ru \/1—ﬁ
m*e? met m’ne
FEz e e— = . = r_’____:.p'(:_ P18
@ ) ; V2
VE-T V-1 yi-s
The Hamiltonian operator H for a free spin-1/2 particle with zero mass &
~ ~2 ~ -
H=\p d+mictm,en = (cdp° + By mgzo = —ihed - V (1

where «, for a subluminal particles. is the Dirac matrices and each of the Dirac ma-
trices is anfi-commuting Hermitean. From Eq.(18) for a frec spin-1/2 tachyon. its cor-
responding Hamiltonian operator is just the same as in Eq.(19). Tt is nnnecessary to
go into detail, starting from Eq.(19) and carrying on with some work, we must dedies
the a familiar formal two-component Weyl equation for describing neutrinus, whicl is
related to the maximnm parity violation discovered in 1956 by Ler and Yangl?? 2%
Of course, the relativistic invariance of the two-component Wey!l equation for proper
Lorents transformations is well known and corresponding quantum ficld theory, wlicl
may guarantee a nentrine always with left-handed spin and an anti-neutrine always

with right-handed spin, is satisfactory.

10 SUMMARY

This paper has given an unified understanding of the nentrimo oscillation and
negative mass-square of nentrino. 1) Even a conclusive confirmation of the neulring
oscillation does not necessarily imply the existence of massive neutring, 2) The ox-
istence of neutrinos with negative mass-square niay be an alternative key to realistic

physical meaning, 3} Neutrino may be tachyon. 4)Introducing imaginary number ="
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as well as a real meta-mass tn° to denote the hmaginary proper mass mg for a su-

perluminal particle, withont additional postutates special relativity is compatible with

superluminal motion. 5} As long as to follow de Broglic's coexistence idea and to use

the superluminal momentum operator representation g — kihvﬂ'/(? {lrom Eq.(18)1.

where ¢ is the operator of dual subluminal velocity v, it is possible to deduce a for-

mal two-component Weyl equation to describe any species of nentrinos with imagary

“rest mass”, which is cquivalent to making use of the familiar Dirac cquation for a free

spin-1/2 particle with zero mass, just as Lee and Yang did in 1956,
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