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Parity violation and neutrino mass
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Abstract Beside8 thc fac￡of parity violation in weak interactioIls，based(1Il

evidences hom neutrino oscillation aIld tritiuIn bcta decay，a natllral conjecturc批

：1at neutrinos may be spacelike particles with a ti“y proper mass． A Dirac一‘yI)|、

cquation for 8pacelike neutrinos is further investigated and its s01utioIls are discuss{c1

This cquation can be written in two 8pinor 8quations coupled togcthcr vla n。nzPr c)

proper mass while re8pecti“g maximum parity violation．
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1 INTRoDUCTIoN

Parity violation is a specmc feature 0f the weak irIteractjons．It was mst djscovered

by Lee and Yang in 1956【1 J and e坤erimentaⅡy established byⅥ，u in beta。tr孤siti()Il of

pol缸ized Cobalt nuclei．例In the stand盯d model，neutrinos are massless．Three navors

ofneutrinos缸e purely kft-haIIded，but anti-neutrinos aTe r培ht—handed In receTlt years，

ma皿y evidences for neutrino osciUation come from the solar and atmosphe“c neutrino

data have shawn that neutrinos have tiny mass fabout l ev)or mass di娲reIlce(3‘】

If neutrino has a tiny rest mass，it w01lld move slawer thanⅡght． When taking a

Lorentz boost with a speed fhster than the neutrino，the helicity of the neutrino would

change its sign m the new reference矗ame．In another word，paTity would not be violated

in weak interactions．h order to solve tks dilenlma，the hypothesis that neutrinos nlay

be spacehke particks is fhrther investigated in tlIis paper

Besides neutrino oscmations，recent measllrements i工1 tritium beta decav expe ri_

ments have presented a Value 0f negative mass squared，m2(∥e)≈一2．5 eV2[6—8】More-

oVer，the muon neutrino also e出bits a negative mass squared．【9】These results suggest

that neutTinos may be tachyons

The negative value 0f neutriIIo mass一8quare sirnply means：

E2／c2一p2=m：c2<o (1)
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The rjght．hand side jn Eq(1)caII be rew“tten as(一m；c2)，then m。has a positive vahle

m，js called the proper mass or“meta mass”since it js diff打ent from the rest mass Th。

subscript 5 means spac出ke particle，j．e．tachyon．The n89a扔ve Va】ue on曲e rjghtha¨[I

side of Eq(1)means that p2 is greater than(E／c)2【10一12】
A Dirac—type equation for tachyons was invest远ated by Chodos et nf l¨l A Iorm

of the lagraIlgian density f出tachyonjc neutrinos was proposed．More theoretical work

can be found in Re￡『14—161．h a recent p印er，Aih33 giVen a uni矗ed consideratⅧl土or

neutrino。sciⅡation and negative mass—square of neutrinos，which should be pald more

attention．[1刁

2 THEoRY

1no fo且ow Diracls approach，f18]the Harnjito工Lian fofm of spacel出e Dirac—type equa

tjon f。r neutrinos can be wrjtten in：

亩圣=c(匠叠)皿+卢。m，c2皿 (2)

where E=i矗a／at，叠=一i^V d=(n1，n2，a3)and卢。is 4×4 mat—x，wh】cb are de矗ned

ai=(三：)， 卢。=(!，：)， c。，

where仃t is 2×2 Pauli matrix，』is 2×2 u血t matrix The corr吼uta七ion relations are as

ataJ+dj口i=2占u

a。卢，+口。Q，=0

雕=1， (4)

where卢^=卢75． The spaceⅡke D主rac·type equation(2)can be rewritten in cova—mlt

fo衄s[1。】by multjplying matfjcs卢and托．Denote拙e bjspinor functioII尘by two spjll()r

fhnctions：妒and x，then Eq(2)can be rewritten as a pair of two—comPonent equatioils：
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a肌dwe obtam

Tsao ChaIlg：Parity vlohtion aIld Il㈨triIlo mass

x=半妒 (8j

妒z=妒tc+，=Ⅳ(；]， 妒。=妒“+，=Ⅳ({4) c。，

砂。=妒tt一，=Ⅳ(乏A]，妒a=讪。c～，=Ⅳ(；]， c¨，，

A=警，Ⅳ (11)

For饥=币T(+1，the conserved cllrrent in Eq(6)becomes

p：皿lt舶皿1：墨，J：旦． (12)
¨‘s c． 『lL^

cIearly，the ratio歹／p represents the superIuTninal speed u。．Fbr妒2=妒“+)，the dell_

sity p is negatiVe so that it sh01lld be djscarded． If we consider the negative states as

lnathematics solutions：ill the pref毛rred frarne，then妒l=妒T(十1 is the only solutioTl witIl

physical identity．It giVes a natural choice that antineutrino is right—handed oTliy If we

identjfy the prefe”ed fr锄e with CosIⅡic Microwave Background Radiation(cMBIt)，

￡he eafth frame can be considered as the preferred fraIⅡe approximately(u／c≈10～。)

FUr乇her study on the nega“ve states砒1d negative P may be assocja沁d wj址coInp“一

cated mathematics under Generalized Galilean nansformation(GGT)(see Reiifl4¨，
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whjch will not be d诂cussed here．In addition，the pseudo scalar f。r each spinor satis^es

圣75皿=皿+1。75霍=O

3 DISCUSSIoN

It has been shown that the spacehke Dirac—type equati。n(2)reduces to the two

coⅡlponent、Ⅳeyl equation in the massless limit【15116】Notice that Eq(2)is valid土。r the

right—handed antineutrin。s In order to descTibe the left-handed neutrino，we now take

a mjIlus sign for the momentum operator，then Eq．(2)becomes

亩皿，=一c(d芦)巫。+卢，m，c2屯。 f131

sirrmar to the solutions fbT Eq。(2)，Eq．(13)yields one physical solution fbr the neutrlno

母。=讪l(+1 Th钌efore，only哥R and∥L exist in nature．

As is shown in Ref．[12，19]the energy of a tachy。njc neutrino(or anti—neutriIlo)，E⋯
could be negative in non—preferred ref打ence丘狮es，With resPect to CMBR we。btailj

△Eo。≈10～3 eV in the e甜th frame siIlce the elechon neutrino mass is about 1 eV△Ex

is a undetectable e丹kct at present time．

The electron neutrjno and the rnIIon neutriIlo IⅡay have sⅡghtIy diffbreIlt propeI

masse8．It proVides a natural explanation why the肌Ⅱ山ers of e—lepton and p一1epton are

cons盯ved respe“ively at kast for 10w energy experiments

CompariIlg with the electron mass，the mss term of the e—neutrino in Eq f2)ls

appro】dmately close to zero Moreover，from the reslllt霍75皿=0 for Spacelike neutrmos，

it means that the mass term in Eq(2)may be negugible in most experiments Thefefore，

spacelike neutrinos behave just like the massless neutrinos．This siIllil缸ity may als。play

role at the leVel of su(2)ga肌ge theory．bdeed，the hypothesjs of space血ke neutrinos j5 a

development of the two—corHponent rnodel of the massless neutrino，in which the reversal

of its heUcity is compktely iInpossible．On the other hand，if the neutrino has a smau

rest mass，jt wollld be against the fact 0f p鲥ty vjolatjon协weak interactjons

According to special relativity【20】，if there is a spacelik。partide，it mjght travel back

ward in time．Besides the re-iⅡterpretation r11le introduced in the 1960’s，【10·u】．anotheI

8pproach is to证troduce a kinematic time under GGT，whjch alway5 goes forw耵d．Ⅲ一驯

Therefore，special relatiVity can be extended to the spacelike region without caus“ty
vj o】atjon
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